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the United States Government. Neither the United States nor the
Council on Environmental Quality, nor any of their employees,

nor ‘any of thelr contractors, subcontractors, or their employees,
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- liability or responsibility for the accuracy, completeness or «

usefulness of any information, apparatus,. product or process
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FOREWORD

The efforts represented by this two volume final report
were begun in December 1972. A draft version of Volume I was
issued September 1973 and the various sections of Volume II
published in draft form between February and June: 1974. Ex-
tensive revisions to the draft versions of this work have

.resulted in a two volume flnal report.

Impetus for the program was recognitioﬁ of a need for ah‘

organized approach to the envircnmental impacts caused by
‘energy supply and use. ' This study, building upon. earlier work

completed by the Council on Environmental Quality, ‘provides a
systematic technique for identifying environmental tradeoffs
and problems associated with current energy scenarios.. By
offering an organized and consistent approach to enV1ronmental
impacts, this report can lend a quantitative sophlstlcatlon to
pollcy dlscu531on.

This study was dlrected by W, Robert Menchen._ Technical

- contributors are as follows:

‘David F. Becker
Charles B. Colton
Dr. Henry M. Curran
Barry K. Hinkle

Jay J. Hoenig
William C. Koffke
Judith H. Marcus

W. Robert Menchen
.Terry N. Oda
James E. Reed o
Steven A. Rothenberg
Robert E. Smalley

This work has been sponsored by the Council on Environmental

‘Quality, The Environmental Protection Agency, and the RANN Pro-

gram of the National Science Foundation. The Atomic Energy
Commission has contributed through support of the energy

‘modeling efforts at Brookhaven National Laboratory (BNL).. The

data contained in this volume are being placed in a computerlzed
information retrieval system at BNL, and computer programs are
being written which will allow rapid analy51s of the environ- .
mental effects of energy systems. :

Contract monltorlng and all technical coordlnatlon has

been through the Council on Environmental Quallty. We wish

to’ thank Dr. Steve Rattien, Dr. Stephen Gage, and Mr. Marvin
Singer of that office for their continued assistance and support

in this effort. Their suggestions over the course of the

program have created a more useful product.
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I. INTRODUCTION AND SUMMARY

This is Volume II of a two volume report Wthh descrlbes the
results of a study performed by Hittman Associates; Inc. (HAI),
and sponsored by the Council on Environmental Quallty (CEQ), The
Environmental Protection Agency, and The RANN. Program of ‘the
National Science Foundation, The purpose of the study was to
determine the environmental impacts, efficiency, and costs
associated with the supply and end use of fossil fuels. . The

study builds upon preliminary work already completed by CEQ

The output of the study takes. two forms. ThlS report pre—
sents tabular, footnoted, and referenced data quantifying the
broad range of energy-related environmental impacts on land,
water, air, solid waste, and occupational health. All of the

- information contained in this report.is.also available in the

form of a computerized data base. This data base has been given
the name MERES: .Matrix of Environmental Residuals for Energy
Systems. As part of an ongoing contract with the Atomic Energy
Commission, Brookhaven National Laboratory has created the data
base, and also has written a number of data management and energy
modeling programs. These programs, together with the MERES :

data, are known as the Energy Model and Data Base (EMDB) .

Environmental analyses of energy-related<fac1llt1es have pre-

" viously been incomplete. Among other things, these analyses typi—_'
. cally considered only individual components, such as an isolated

power plant, refinery, etc., and not entlre energy' systems.

The constructlon of. a coal fired power plant.causes air, .
water, solid waste, and land impacts not only at the immediate
site of the power plant, but also at the site where the coal is
mined, washed, processed or prepared, and along the route that
the coal is transported The entire sequence of activities, from
the mlnlng of the coal to the production of electrlclty, and its
end use in some home appliance or industrial process, is what is
referred to as an energy system or "trajectory and should be-
analyzed. . : '

Similar trajectories or energy supply "chains” exist for
0il production and refining. The construction of a refinery
causes air and water pollutants, solid waste, and land disruption.
However, additional environmental effects are felt at the point
of crude oil production, during the crude and product transpor—-
tation, and at the point of marketing and end " use.

Using the data bank, it is p0551ble to aggregate the env1ron—
mental impacts of a wide variety of fossil fuel "trajectorles"l ’
traced from the end use of a fuel to its extractlon or vice versa.,



This makes it possible to estimatelenyironmental impacts for .any -
number of scenarios related to energy consumptlon patterns en-
visioned: for the next 10 to 20 years.

" The objectives of the Phase I study reported in the companion
Volume I are summarized in Figure 1. Tasks 1 and 2 are national in
nature while Task 3 includes ‘the impacts of regional energy supply
subsystems. In all cases, the data have been developed for coal,
oil, and natural gas. A more detailed breakdown of the regions
covered in Task 3 is provided by Figure 2.

Thirty environmental impact tables are contained in Volume I.
Twelve of these are devoted to coal supply, twelve to oil
supply, one ‘to natural gas -supply, four to -energy end uses,
and one to the electric power plant activity of energy supply.
'Each entry-in these tables-is footnoted and referenced.

o The objective of- the Phase II study reported in this volume
‘"was to supplement the Phase I activities with various emerglng
_energy .technologies. Six technologies, shown in Figure- 3,

were characterized with respect to their environmental impacts,
efficiency, and cost. These technologies represent additional
links in the supply and end use chain of fossil fuels and -are

a necessary component:.of future energy 1nvestlgatlons.~

These six emerging" technologles are in a state of rap1d de-
velopment. Characteristics of and emissions from these processes
can be expected to change as-: more is learned from research and ex-
perimentation. Therefore, it is important to note the time frame
of the data used in the tables and footnotes of this volume.
'rasks 5, 6, and 7 (low Btu and high Btu gasification and oil shale)

are based oni data assembled in the Fall of 1973. Fluidized bed
boiler combustion data (Task 8) was assembled in the early months
of 1974. Data. used in Tasks 9 and 10 (solvent refined coal and -
" coal liquefaction) was collected in the Sprlng of 1974. More
‘'recent information may have been developed since thlS base data
was assembled

- It must be noted that the environmental impacts reported
herein only characterize the initial step in the environmental
chain--that is, the amocunt of effluent discharged from the
boundary surrounding a particular process or end use. The inter-
action of the outfall, air emissron, land use, etc. with the
biosphere is not included in this study.
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TASK 2

' TASK 3

Figure 1.

TASK 1 EXTRACTION, PROCESSING, CONVERSION,.

AND DELIVERY OF FOSSIL FUEL ENERGY

OBJECTIVE 1

OBJECTIVE 2 .

OBJECTIVE 3~

 OBJECTIVE 4

END USES'OF

DETERMINE PROCESS
EFFICIENCIES FOR
FOSSIL FUEL PRODUCTION

_AND DELIVERY

QUANTIFY ENVIRONMENTAL
IMPACTS FOR EACH PRO-
CESS, WITH PRESENT
CONTROLS

. DETERMINE IMPACTS WITH

CONTROL TECHNOLOGY
AVAILABLE AND LIKELY
TO. BE IMPLEMENTED

YDETERMINE SYSTEM COSTS

- FOR UNCONTROLLED AND
. CONTROLLED ENERGY

SUPPLY

ENERCY

OBJECTIVE 1l - DETERMINE ENERGY USE

PER APPROPRIATE MEASURE
OF USEFUL ACTIVITY .

OBJECTIVE 2 - DETERMINE - ENVIRONMENTAL.

IMPACTS OF END USES -

SENSITIVITY ANALYSIS OF TASK 1 DATA =
REGIONAL STUDIES (BOTH UNCONTROLLED
AND CONTROLLED)

Description of Phase I Study



"COAL'

NORTHWEST (POWDER RIVER BASIN)
MONTANA & WYOMING; AREA STRIP |

SOUTHWEST (FOUR CORNERS AREA)
'NEW MEXICO; AREA STRIP

CENTRAL

ILLINOIS & INDIANA; AREA STRIP; ROOM &
PILLAR DEEP .

NORTHERN ' APPALACHIA

NORTHERN W. VA., CENTRAL & W. PA.; CONTOUR
STRIP, ROOM & PILLAR DEEP, LONGWALL DEEP -

CENTRAL APPALACHIA
EASTERN  KY., TENN., SOUTHERN W. VA.;

STEEP SLOPE CONTOUR .STRIP, ROOM & PILLAR"
DEEP . : . ' S

DOMESTIC ON-SHORE

IMPORTED SODTHjAMERICAN;RESIDUAL
IMPORTED MIDDLE. EASTERN CRUDE
IMPORTED CANADIAN. CRUDE.

DOMESTIC OFF-SHORE

NATURAL GAS

o)

DOMESTIC ON-SHORE -

o DOMESTIC OFF-SHORE-:

o IMPORTED CANADIAN-

Figure .2. Task 3 Regional Studies -
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TASK 5  LOW BTU GASIFICATION OF COAL
TASK 6. . HIGH BTU GASIFICATION OF COAL

TASK 7 ' OIL SHALE

TASK 8 ~ FLUIDIZED BED BOILER COMBUSTION . i

. TASK 9 " SOLVENT REFINED COAL - -

'TASK 10 . COAL LIQUEFACTION

 Figure 3. Phase II Study Description




'II. DATA BASE DESCRIPTION

A. Nomenclature

In order to describe a scenario deallng w1th env1ronmenta1
effects of energy, a number of deflnltlons have been adopted

W

Term

'Element

Process .

"Activity

' Trajectory

SuBeystem

Sysrem‘

Example/Definition . -

S0 emission in transpor-

‘tation of coal by unit train

" Coal transportation by unit .

train (a set of elements)'

Coal transportatlon (com—a L
bination of a set of pro—

'cesses)

Coal in the ground to steel

. production by electric fur-

nace (the set of linked

~activities which connect the

supply of a specific resource -

~'with a speeific en@ use)

Coal in the ground.to any
linked end use (a logical
collection of trajectories
defining an aspect of the. .
total energy system)

Energy production and use 1n
.a given year (collectlon of
all trajectorles ln the eénergy
economy) : .

x

These deflnltlons are 1dentlcal to those formulated by
Brookhaven Natlonal Laboratory

II-1



These definltlons are further ‘explained by the follow1ng
dlagram

TRAJECTORY

Sequence of Activities

Extraction »~| Transportation > Processing
Conversion
v ‘ e 1
End Use /jg-—— Storage — 1 Distribution
{ " ACTIVITY

An activity is one-or more processes.
: . N N e )

One process -¢ould be distribution:of coal by unit train.

Several p&0ce§ses:iu*Seriesfmight be as ‘shown below.

. Primary . Rough . .| Sizing | . :_| Washing |
Coal ~+{ .Breaking | Cleaning |- i

The environmental impacts to be identified and gquantified

are those which relate to water pollution, air pollution, genera-

tion of solid iwastes, use of land, occupat10na1 health, and
potent1a1 for large scale disaster.

°

The water and air pollutants under con51deratlon are the
following: _
Water: = Acids
‘ Bases . : _ ‘
Dissolved solids - P04' N03ftothers
Suspended solids
" Organics

.BOD

COoD

Thermal '

I1-2
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A

Air: ~ Particulates
- nNo_
SOX
Hydrocarbons -
CcoO '

Aldehydes, etc.

Solid wastes under consideration are all residuals not en-
tering the air or water that result from the basic fuel resources
or from the system processes that make fuels useful for consump-
tion, or from the end use of fuels. ' '

The land impacts include areas required for extraction,
structures, disposal of solid wastes, roads, ports, pipelines,

- storage, and buffer zones. Both fixed and incremental land

effects are considered. Fixed land effects are those associated
with facilities such as processing plants, pipelines and storage
tanks, whereas incremental land effects are those associated with
excavation, such-as strip mining, and solid waste disposal.

Occupational health is considered on the basis of deaths, -
injuries, and man-days lost due to injuries.

All of the environmental impacts mentioned so far are gquanti-

 fied and tabulated with suitable units.' Further details are

given. in the following section on. energy supply.

The potential for large scale disaster is identified with -
respect to the possible nature and magnitude of disasters and
to specific processes in the supply and end-use trajectories.
No quantifications are associated with these identifications.

B. Format

The construction of a computerized data bank requires that
a large number of inputs be prepared according to a specific for-
mat. From the standpoint of this report, the reader need only
be familiar with certain ground rules regarding data identifica-
tion. The relationship between the format of data in this report

-and the computerized data bank is explained'further in Section D. ..

- II-3



l.'_ Impact Data-and Data Hardness

‘Each entry of- env1ronmenta1 1mpact data in the supply
tables has three parts. This is 111ustrated below.

2,40-04 3 7019
\

footnote number

-data ‘input hardness -number

- data input to three significant figures
2.40-04 is equivalent to 2.40x10~4 or
/000240. - Units of the data are at the
" top of the column in the table :

A data hardness number is required for each entry except those
with 0998 and 0999-footnote designations. . In the .computerized
‘data bank, it will be p0551b1e to search for hardness ;numbers in
order to categorize:ithe: 1naccuracy of. data blocks.. ‘Hardness.

- .number definitions:rare given in- Flgure 4, As a general rule, it
“is useful to:consider .data hardness in the context of M"confidence"

and relate thlS to.the 1 to 5 scale.

Footnotes and'References use -abbreviations. where possible

- to facilitate loading of data into .the.computer -data: bank.

- Appendix A is a list of abbreviations and their definitions.
When using ‘exponential humbers such as '1.35x108, the designation
within the. footnote will be 1.35E+08, 1.35E08, or 1.35+08.

2. ‘Footnotes and References’

. - Footnotes and references have been. classified according to

. a numbering system which is shown in Figure 5. Note that specific
. blocks of numbers have been allocated to. the various pieces of
data assembled. The numbers in Figure 5 .indicate .which new foot-
‘notes follow.each. individual table. . These footnotes are related
to the new information generated for the.table in question. This
will become apparent as the tables are used. Footnote and refer-
ence numbers: appearing in this volume but not 'included in Figure
5 are from Volume I of this report. .Many of these footnotes and
references have been included in this volume as well for con- '
venience. :

I1-4
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'Hardness - Definition* . - . 'Example .
1l _ Very Good - Highest confidence. Nationwide consump-
'Error probably =10 percent. tion based on
Data well accepted and verified. accurate reporting
, S ‘ ‘ technique.

2 Good - Reputable aﬁd-acéepted.>‘ pata from several ‘
Exrror probably = 25 percent. . major companies used
I » ‘ L to represent U.S.

3 Fair - Error probably = 50 Data from one com-
percent. Validity may be un- “'pany used to

. certain due to method of com- represent U.S.
‘bining or applying data.

4 Poor - Low confidence in data. Telecon estimate

Error probably 100 percent. used in absence of
.Validity questionable. measurement. .

5 Very Poor - Validity of data - Assuﬁptioh based
unknown. Error probably within  on related refer-
or around an order .of magnitude. ence. Several Fair

' . » or Poor sources
combined.
¥ Error levels cited refer to cases where the data are non-
' ‘zero. For zero or "negligible” values,; the definitions

Good, Fair, etc. should be applied to the various hardness
levels. ' ' :

Figure 4. Hardness Number Definitions

II-5
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Table

Footnote

Coal Liquefaction

'Figure 5. - Numbering
Footnotes.and

II-6

,Glassification for
- References

Reference
No. NumberS' .Numbers
. Low Btu Coal iGasification 1 8000-8112 .8000-8035
High Btu Coal Gasification 2 8300-8483 -8300-8324
. 0il- Shale 3 9000-9105- 9000-9041
Fluidized Bed Boiler ' a5 nn_a5
Combustion _ 4 9200-9234  9200-9222
- solvent Refined Coal 5 9300-9350  9300-9335
6 9400-9460

9400-9406

3]
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In addition to the footnotes which are printed text, three
other designations are used in the tables. These are defined
as follows: . . ‘ :

Footnote No. Definition
- 0997 N Zero or negllglble impact for

this activity - an appropriate
hardness value is required

0998 ‘ - This. 1mpact not appllcable to
g ' this activity

0999 ‘ * This value not available - an
' impact for this act1v1ty is
assumed to ex1st :

. To simplify the citation of references w1th1n footnotes,
the following format has been used: :

Format for References in Footnotes.
(3004) ' Reference. 3004

‘page 739

- (3004,739) Reference 3004, '
-(3004,739,742) Reference 3004, pages 739,742

(3004,739/742) Reference 3004, pages 739
. : through 742 »
. (5123,A-9) Reference 5123, page A-9

(5123,A-9,A-12) Reference 5123, pages A-9, -

' A-12
Reference 5123,

§
1
i
i
1
1
1
II :,i
1
1
i
i
1

{5123,a2-9/2-12) page A59f

through A-12
Note that a reference citation is always enclosed in-parentheses.

Footnotes whlch follow the tables appear in the exact form
that a computer printout will yleld Each footnote indicates
the references and other footnotes it is based upon. 1In this
report some minor inconvenience derives from having to refer to -
a separate list of references located following all of the tables

- and footnotes. However, in the computerized data bank, footnotes

could be printed out followed immediately by the applicable refer-
ences and first order footnote referrals.
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. C. Energy Sopply‘

1. Introduction

The energy supply tables and footnotes deal with the quanti-
fication of the environmental impacts of .each process in the
fossil fuel energy supply traaectorles based on a process input
of the fuel equivalent to 1012 Btu/yr. The value of 1012 Btu/yr
was chosen as a convenient unit for an energy rate. The rate
form was chosen: to facilitate the use of published data on environ-
mental 1mpacts in which a time factor is involved, such as, for
example, emission rates in lb/day-for evaporation losses from
gasoline storage tanks, impacts.related to annual production
rates, etc.

Whereas Volume I to this.report con51dered the supply tra-
jectories .of the primary fossil fuels and their derivatives,
this volume focuses.on six emerging energy technologies as com-
ponents of future energy supply trajectories. Five of the six
technologies - low Btu gasification, high Btu gasification,
fluidized bed boiler combustion, solvent refined -coal, and coal
liquefaction - utilize coal in the production of synthetic fuels
or electricity.' The sixth, oil shale technology, considers.the
production of crude. oil' from this new energy. source.

For those technologles utlllzlng coal, the environmental
impacts, efficiencies, and costs have been developed for three
regional coals and a national average case. In contrast to
Volume I of this report, all of this information appears on the
same table. The coals for which data-have been developed include
a low sulfur (Northwest), medium .sulfur. .(Northern Appalachia),
and high sulfur. (Central) .coal.

Each of the tables . is organized as a matrix with the environ-
mental impacts as columns and activities and processes as rows.
For each activity on the left of the table, the relevant processes
are. listed immediately below. In general, the entries in the
tables are on .a process basis, rather than on an activity basis.
As noted earlier, an activity may consist of a 51ngle process,
or it may consist of a number of processes.

Each table has a related general footnote which gives basic
data pertlnent to the fuel con51dered, such as the amount of the
fuel equivalent to 1012 Btu. It is important to note that all
impacts have been derlved for a process input of fuel equivalent
to 10l2 Btu/yr. In particular, for the extraction activity, this
is’ interpreted to mean 1012 Btu of resource in the ground. Thus.
lmpacts for the extraction activity are expressed per 1012 Btu
in" the ground and not per 1012 Btu produced or extracted (output
of fuel).

II-8.

K

i

i

w
I N BN Ea



A’ general caution is applicable to all the supp1y>H&ta.
Before using any impact expressed in terms -of 1012 Btu, the
reader should read the footnote. Potential misuses of the data
can readily be cited. Increasing the plant capacity may not in-
crease the land impact proportionately, since the land use is
not necessarily linearly related to the productive capacity of
the plant. Doubkling the productive capacity doubles the land
requirement only if an addltlonal and identical facility is con-
structed. Caution must be exerc1sed when evaluating the land .
effects for large multiples of 101 Btu/yr. Similarly, size
considérations are important in cost calculations and the foot-
note will relate how the particular entry has been calculated.

‘It is‘important'to note the interrelationships between en-
vironmental impacts, efficiency, and cost data. Strictly speaking,
a specified level of environmental contrcol has associated with it
corresponding levels of .cost and energy requirements. This is
apparent in a comparison of the uncontrolled and controlled en-
vironmental tables. However, this is also true within each supply
table, as air pollutant data is related to ancillary fuel use,
land use is related to solid waste data, etc. Air pollutants
associated with the generation of electricity are ascribed to the
power plant activity and not at the site of the process which
uses the electr1c1ty as anc1llary fuel,

2. DéfinitionTof UnControlled and Controlled -

all supply tables are designated either controlled or un- »
controlled. -"Uncontrolled," according to the ground rules adopted

‘in this study, means that impacts are the current national or re-

gional average value. 1In the absence of current (1972-73) data,
impacts typify the use of least stringent environmental controls.

"Controlled" implies that impacts are consistent with the
use of control technology which will probably be required and/or
available in 5 to 10 years. As an illustration, present laws
governing the reclamation of surface mined lands minimally require
that effort be made to restore the land. This may include par- -
tial backfilling and an attempt at revegetation. However, since
the degree and success of reclamation are not mandatory, (for the
"uncontrolled" condition) reclamation is not assumed for area
stripping opeérations, and only partial backfilling is assumed for
contour mines. In the controlled situation, contour backfilling

" and revegetation are required for either type of stripping

operatlon. The attainment of this high level of reclamation would
require such practices as stockplllng and redistribution of the
topsoil, segregation of toxic overburden and seed bed preparation.
Generally speaking, the controlled condition incorporates the
environmental standards proposed or soon to be implemented by the

11-9



Environmental Protectlon’AgenCy " A more detailed explanation of
controlled and uncontrolled as it is related spec1f1cally to each
process in thenf0551l fuel supply chain is to be found in the
writeups precedlng each of the supply tables and in the accompany—
'ing table footnotes. .

The data in this volume have all been developed for the
"controlled” envxronmental condition. This was because the tech-
nologies consxdered ‘herein are either belng developed primarily
for env1ronmental control or are potentlally major contrihntors
‘to environmental lmpact. For this latter category, from a '
practical point' of view, stringent environmental controls will
.be a necessity. _ :

3.  Environmental Parameters

In the supply tables; the unlts for the various environmental
impacts are noted above the columns, Since the basis for the
tables is the fuel equivalent of 1012 Btu/yr, the actual units for
the values given in the tables are interpreted as follows:

Water Pollutants:

Acids, bases, dissolved Tons dischardéd to water bodies/yr .
solids, suspended 12

solids, organics: Fuel equlvalent'tO'lob Btu/yr
' - tons
1012 Btu
BOD, COD: Oxygen demand. in.. tons/yr
Fuel equivalent to 1012 Btu/yr
tons
1012 Btu
‘.Thermal: ; Btu‘discharged to water bodies/yr
Fuel equivalent to 10I2 Btu/yr
_ __Btu
10 Btu
Aif Pollutants:i Tons discharged to atmosphere/yr
Fuel equivalent to 10 2 Btu/yr
- tons
10 Btu’
So0lid Waste: | ' '~ Tons placed on land/yr .. . . . _ tons.

12

Fuel equivalent to 10_12 Btu/yr 106~ Btu

. II-10
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Occupational Health:

N EE .

Deaths/yr - ' _ Déaths

Deaths: ‘ 13 = 135
Fuel eguivalent to 107" Btu/yr 107" Btu
Injuries: Serious 1n3ur1e§[§§ : =-Se§;ous‘1n3ur1es
g Fuel equivalent to 10 Btu/yr 107" Btu
Man-days Man-days lost due to serlous injuries/yr _ Man—dayéflbstv
lost: Fuel equlvalent to 10 Btu/yr 1012’Btu'
Land: ,
. . Acres occupied by fixed facilities _ Acre-yr
Fixed: 15 ' T oo al2
: \ Fuel equivalent to 107“ Btu/yr 10~" Btu
Incree. :Time-averaged incremental acres ='Acre—y;
- mental: 12

Fuel equivalent to 102 ptu/yr 1012 Btu

The values for land disturbed shown in the tables are, where
applicable, the sum of fixed and time averaged incremental land
impacts. As an example, consider a coal processing plant which
handles B Btu/yr of coal, occuples A acres,’ and produces solid
waste for dlsposal occupying an additional a acres/yr. The
fixed land 1mpact is deflned ‘as: :

A =

£ in units of ES%%:—XE

10 Btu

Wi

The incremental land impact is defined as:

’ Ai =’% in units of agre
o 10 ‘Btu

" To sum these land lmpacts it is flrst necessary to intro-
duce the units of time, or time average the incremental land
impact.  Conceptually this represents the average acres of land
which will be impacted over the lifetime of the plant. Numeri- .
cally, the time averaging process will depend on whether or not
environmental controls, specifically reclamation of the disturbed
land, will be employed. ' Figures 6 and 7 illustrate the uncontrolled:
(i.e., unreclaimed) and controlled (reclaimed) environmental con-
ditions as they pertain to .the time averaging of incremental land
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LAND IMPACT-ACRES

" LAND IMPACT-ACRES

(n"l)h +
n |

2‘3 ->

|
|
|
|
|
|
|
l
3a & . : . .
|
|
|
|
|
[
—
n

A 1 2 3 4 \/\ n-1'

o TIME-YEARS
- NOTES: 1) Plant lifetime n years
2) Incremental land impact a acres/yr
.3) No reclamation of disturbed land

| '*FiQUre‘G; Uncontrolled Incremental: Land Impact |

3a T : pa—— —— — C
' | -
22 | l
: _ e
| - I
aT _ ; . +
- o : N I
A e ey \/\ i !D
S | 2 3 4 - n=1 n
’ TIME-YEARS.

. "NOTES: l-z Plant tifetime n years ,
' 2) Incremental land impact a acres/yr
3) Reclamation of disturbed land with
-3 year time lag for revegetation

- Figure 7 - Controlled Incremental Land Impact
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use. As shown in Figure 6, for the uncontrolled plant with an
n year lifetime and an incremental land impact of a acres/yr, the
total amount of land disrupted after n years would be na acres
since the land is not being reclaimed for use. The average land
impact over the n year lifetime of the plant is given mathemati-
cally by the area of triangle ABC divided by n years, i.e.
1/2 (n) (na) or (g) a. Hence, the time averaged incremental

n : .

-land impact for the unconfrolled-case is defined as:

A, = %, % in units of EE%%:XE_ :

_ 10 Btu .

Figure 7 shows the land impact for the same plant employing:
reclamation practices to reccver the land disrupted by the solid
waste. 1In this example.three years was chosen as the time period
necessary for reestablishing vegetation. Thus, assuming con-
current reclamation, the land impact curve in Figure 7 levels off
after the third year. That is; after the third year, the number
of acres impacted.remains constant. For each a acres disrupted in

.any year, an equivalent a acres has been reclaimed (starting three

years before). The average land 1mpact over the n year lifetime of
the controlled plant would then be given mathematlcally by area

ABCD d1v1ded by n years, i. e.,

(1/2(3)3a) + (3a) (n-3)

n

.9
or. (3-§H)a.

Hence the time averaged incremental land impact for the controlled
case with a three year time lag for revegetation is defined as:

9, a . . acre~-yr -

A, = (3-5=) = in units of -——7—31——.

‘ n’ B | 102 Btu
Note that the controlled definition given above is only applicable
for those cases where three years is required for reestablishing
vegetatlon._ If this time lag changes, obviously so will the time
averaging multiplier. Generally the plant lifetime (n) is taken
as 25 years. Based on this value the time averaging multiplier

for the uncontrolled case (5) ‘'would be 12 5 years, and for the

three’year time lag controlled case (3~—-), the multlpller would
be 2.82 years. - :

'_ This time averaged. 1ncremental Yand impact calculatlon
arbitrarily ignores any land impact which could occur beyond
the specified lifetime of the facility. Continuing impact from
yet unreclaimed land or the remaining structural facilities beyond
the expected useful life (n) of those facilities is not considered.
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4, AEfficieﬁcz

The Hittman data tables contain two efficiency related 1nputé.
These are prlmary efficiency (column 26) and ancillary energy

(column 27) .

EfflClency definitions can be related to the following
diagram:

Ancillary Energy
lu(Iolz) Btu

x(1012) Btu of fuel'output
- -
o ial2 e e L - 12 - '
Input 107" Btu 6f fuel Process - y(10™7) Btu-consumed
' — SeE—— in process
12 ) :
‘ z(10™") Btu physical loss
‘Where:
vx+y+z_-= 1
Primary¥Efficiency' = X '= l-y-
Overail'Efficiency =  x-u (BNL)
Overall Efficiency = I:% V(Theoreticai)

~ X . : .
= 1Ta for small u, i.e., u<<l

x-u

If the. process separates the input fuel stream into several

~output fuels, x(1012) may be taken as the sum of the energy con-

tents of the output fuels and x as ah approx1mate value for the
efficiency of -each output fuel.

¢ “In some prdcesses there is apt to be confusion as to :
whether an energy use is classified ‘as ancillary or part of the
input flow consumed. In a refinery, refinery gas (which provides
energy for many processes) is considered as primary fuel consumed’
rather than 'as an ancillary demand. - Any use of a fuel derived
from the primary input stream remains part of the primary flow.
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5. Costs

Cost data expressed in 1972 dollars are 1nc1uded in the un-
controlled and controlled national supply’ tables in columns
28-30. - The total capital or fixed cost for equlpment, structures,
etc. is annualized at 10 percent per year and shown in column 28.
This capltal "cost" is synonomous with total capital investment
and does not include interest during development or working capital..
Yearly operating expenses for fuels, maintenance, labor, etc. are

" given in column 29, while column 30, which represents the total

annual cost, is the sum of columns 28 and 29, The units for -the
economic data are shown below: ' '

($. of capital'expense) x (.10/yr) - S

."Fixed Cost:

Fuel equivalent to 1012 Btu/yr input- 1012,Btu
Operating ~  $/yr for operating expenses - - $
Cost ’ . 12 A . S V]
_ Fuel equivalent to 10 Btu/yr input 10 Btu

_ The 10 percent/yr annuallzatlon or "fixed charge rate” (as
it is called in the table footnotes) for capital expenses was
chosen mainly for convenience and may or may not reflect actual
practice within a particular industry. It 'is convenient to ex-
press the capital cost data in this fashion because: 1) it pro- .

~vides some estimate of total annual costs and 2) it allows a quick

estimate of total capital cost from the table data by simply:

increasing the fixed cost by a factor of ten. That is, for a table .

fixed cost entry of 1.50+05, the total capital cost is 1. 50+06
or 1-1/2 milliOn dollars/loi Btu equivalent fuel input.

The prxce of the raw energy resource into a process is not

" included in any of the cost data. The annual cost data repre-

sented in the tables is .a major component of the ultimate price
level of the fossil fuels delivered. Since the basis for costs
is 1972 dollars, table values would have to be adjusted to re-

"flect present-day (1974) costs.
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6. Allocation of Table Eritries to Process Fuels

The fblidwing~suQQésts a technique for allocating tabular
A refinery or natural gas pro-

impactS'to_the product ‘fuel mix.
0il refineries and natural

cessing- plant is used as an example.
gas processing plants separate input fuel streams 1nto several
output fuel streams. ‘ =

1012 Bﬂu/yr
Input stream

e

i

Cohtain@'A;B;Ci

If the data dre’"to be used' to construct a trajéctory for
starting at the well head where such
fuel does not exist as an eritity, the table entries for the pro-
cessing activity or for activities prior to processing may be
used as reasonable approximations for such product fuel.

a partlcular prodict fuel,

1012 Beu/yr of

Fuel A assumed to

exist as an entity

X = Table entry for 1012
T . Btu/yr of input stream
‘Refinery or NGL ———-— Fuel A i
separatioen plant ~ Output
—»"Fuel B streams.

b= Fuel'C A

Ancillary fuel

X = Table entrg interpreted
as for 1012 Btu/yr of

fuel A

~ Refinery or NGL

*1 sepdration plant-

;_FuelﬂAA

¥

Hfgm

Ancillary fuel
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D. . Energy Model and Data Base (EMDB)

The data presented in this report have been entered in a
computerized data base (MERES). Brookhaven National Laboratory
has combined this data base with a number of data management and
energy modeling programs to form a complete package known as
the Energy Model and Data Base, or EMDB. Brookhaven National
Laboratory (BNL) will continue to update, maintain, and 1mprove
the data base and its associated programs. .

. The EMDB is presently available on the Control Data Corpora-
tion computer facility at BNL. It will be directly accessible
via a telephone connection and terminal to remote users. In’
wrltlng the computer programs for the EMDB, care has been taken
to insure that the programs would be ea51ly transferrable to
other computer facilities.

The basic unit of storage in the EMDB is a particular supply
or utilization (end use) process, which corresponds toc the com-
plete set of numeric values contained in a single row of the
tables in this report. Each basic process storage unit contains
all of the numeric values (and their hardness factors) as well.
as the full documentation for the number set. The specific pro-
cess desired is identified by a string of mnemonics which have
different forms for supply and utilization processes. These
string forms are as follows: .

SUPPLY: = /RESOURCE/ACTIVITY/PROCESS/REGION/CONTROL/.
UTILIZATION: /SECTOR/ACTIVITY/PROCESS/FUEL/CONTROL/.

The mnemonics for each supply activity and process can be found
in the left-most column of each supply table (Tables 1-6).

There are no utilizatiorn (end use) tables in this Volume.

The accessing codes for supply are further detailed in Figure 8.

One of the programs associated with the EMDB permits the
calculation of national energy flows and the 1mpacts of such
flows on resource consumption, pollutant emigssions, and dollar
costs. This program, called the Energy System Network Simulator
(ESNS), considers the energy system as a set of process links
in a network repreSentatlon. These network process links can be
associated with particular process blocks (both supply and utili-
zation) in the EMDB. An interfacing program is provided which
draws numeric values from the data base and makes them available
for flow calculation through the network. Capabilities are also
provided for modifying any numeric value for input to the ESNS and
for adding new links to the ESNS network. With these capabilities,
the effects of various simulation scenarios. can}be calculated.
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Order ofmeémonfc string identifier corresponding to a
- supply tableﬂrov: A

~

/RESOURCE/ACTIVITY/PROCESS,/REGION/CONTROL/ .

Identifier E Mnemonic

Resource: . Coal - coaL
0il - OIL x
Natural Gas -GAS
Activity: ° ' .. (See. Supply Table) i
Process:' : : ' ’ ' o L(SeepsuPpiy-Table) .
Region: . National - o | NATL ) I
¢ Northwest “NW
Southwest . T .. SW
 Central CNTRL  Coal
.. Northern_ Appalachla - NAPPL
Central Agpalatha CAPPL )
Domestic-Onshore ' .- ONSHR :
Domestlc Offshore ‘OFSHR
Imported. Middle East-Crude  MECRD + 0il
. Imported Canadian Crude CANAD
Imported. South American SARSD _
Re51dual J
,Onshore ' ~ ONSHR : :
Offshore OFSHFR. Gas
. Canadian ' CANAD
Control:  Controlled | CONTL

Uncontrolled . . - . UNCON

'Pigure 8. Data Access Code for Supply

N
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IIf. LOW BTU GASIFICATION OF COAL

A. Introduction

The environmental impacts, efficiencies, and costs of
Low Btu Gasification of Coal are given in Table 1 of
this report. This table is based on an energy input of 1012
Btu/yr into each process wutilizing current or soon to be
available pollution control techniques.

The primary purpose of Low Btu Gasification of Coal is
to provide fuel gas, ranging from 150-200 Btu/SCF, for power
generating purposes. - Although this low Btu gas may have other
industrial purposes, this report assumes all gas is used to
fxre conventional or combined cycle power plants.‘

The five speglf}c processesvstudled aree. .
1. Applied Technology4Corpofati6h'(ATC) Process .
2. Bureau of Mines Atmospheric Process
3. Bureau of Minés Pressurized Process
4. Lurgi Process.
5.’-Koppers—Totzek»Process

Each of the five technologies will consist of two
activities; gasification and elactrlclty generatlon. An
electrical transmission activity is presented for the
Northwest, Northern Appalachian and National Average cases.
The transmission distances are based on the mileage from the
generatlng location at the mine mouth to the metropolitan
Chicago area. No electrical transmission data are presented.
for the Central case, since the ga51f1catlon/e1ectr1c1ty
generation activities are assumed to take place in the
metropolltan Chicago area.

‘The environmental impacts in- Table 1 are based on
processing three regional eeals and a simulated national

-average coal. It should be noted that all capital costs

shown in Table 1 are based on a plant load factor of unity,
i.e., the plant is assumed to operate 365 days/yr. The values

presented in this table are based on data accumulated durlng the

Fall of 1973.
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The follow1ng is a brief descrlptlon of the
individual processes: ,

ATC - SO2 Free Two-S$tage Coal Combustion Process

The ATC process (Figure 9) consists of lnjectlng coal
particles into a molten bath of iron. Because iron in the llquld
state has an affinity for sulfur and carbon, the coal
solubilizes to reledse organlc and 1norgan1c sulfur
constituents for reaction with the active iron melt. The
iron sulfides formed mlgrate to a lime contalnlng slag
floating on the molten iron bath where they are removed from
“the combustion process.. At the same time, the carbon that is
dissolved in the molten iron is reacted with air to produce.
an off-gas: Wthh con51sts of nitrogen, carbon monoxide, and
hydrogen. This 2500°F+ gaseous mixture,. essentially free of
sulfur dioxide, is intrdduced into a steam boiler along with
secondary a1r to recover all of the heating value of the coal.
Sulfur is recovered in elemental form from the slag produced
in the ATC process, along with iron contained from the : :
coal pyrltes and a desulfurized slag.

Bureau .0of Mihes - Producer Gas at Atmospherlc
“Pressure

The - Atmospherlc Pressure Producer Gas Process (Flgure 10)
consists of gasification of coal by its partial combustion in a
stirred bed, supported on a revolvxng eccentric grate which
removes the ash. The raw producer gas is passed.through iron -
oxide absorbers for sulfﬁr removal. The regenérafed absorbers
yield 'sulfur dioxide which flows to an ammonium sulfate plant
for the production of crystallized ammonium sulfate. The .
desulfurized atmospheric producer gas comlng off the iron
oxide absorbers contains soot and tars and is at approximately
1300°F.
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Bureau of Mines - Producer Gas at Elevated
) Pressures '

The Elevated Pressure Producer Gas Process (rlgure 11) con-
sists of gasification of coal in the same manner as described for
the Atmospheric Producer Gas Process, with the important exception
that the producer vessel is pressurized to .120 PSIG. To
accomplish this,coal is fed to the producer vessel through a
lock hopper system. The gas. coming off the iron oxide absorbers
flows to the gas scrubbers where soot and tars are removed.

This will allow the 270°F, 120 PSI product gas to be utilized
in. a gas turbine for combined cycle power generation.

Lurgi Process

The Lurgi Process (Figure 12) consists of gasification of
coal with air and steam at a pressure of 300 PSI. The gas 1eav1ng
the gasifier is scrubbed to remove coal dust, alkali and
chlorine. The H3S is then removed from .the gas stream by an
alkalized wash. Subsequently the HZS is converted into
elemental sulfur in a Claus kiln. The gas ploduced contains
oil, naptha vapor and other carbon products of .the gasified
coal and is at @ temperature and pressure.of '300°F and- ZSB“HSI

respectlvely.

Koppers—Totzek Process

The Koppers—-Totzek Process (Flgure 13) con51sts of the parf'

tial oxidation of pulverized coal in suspension with oxygen and
steam. The heart of the process is the burner nozzles at

which the oxygen, steam ‘and coal react to gasify the carbon
and volatile matter of the coal at a sllght positive pressure
and at 330°F. After gas cooling and scrubbing, the gas
stream is desulfurized. The gas produced will be at less than
350°F and slightly greater than atmospheric pressure.

III-5
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1206

1912 -

1913
1917

1918

12907 -

‘FTN 1906-2907

§

Footnotes for Table .}

Source - (1906, 46). 0.166 men per MWE is the basis for
calculatioa. Injury data are from (1907,35). Half the
combined deaths and permanent injuries are assumed to be
fatal injuries, Permanent total disabilities are

_considered to rppresent 6000 days lost while other

disabilities are estimated as 100 days lost.

A large new powerplant ie;aSSumed to have a heat rate
of 8960 Btu/KWH, equivalent tc 38 percent conversion
efficiency. The best plants have.achieved around

.8530-8900, whereas the Nat;onal Avezage is around 10,500

(1913, I=- 5-6/1 5=7).
Power sold divided byjpower“proauced, 1969 (1919;11,13).

The'basis_forywater pollutant calculations is'theyproposed

- effluent limitations guidelines and new source performance

standards for the steam electric power generating point
source category given in (1921). For new plants, best
available demonstrated control technology (BADCT) requires
effluent pH control in the range of 6-9. Hence acids and
bases discharge will be negligible. . BADCT algo specifies

" total suspended sollds levels no greater than 15 mg/l1 for
all intermediate and low volume waste effluents. At this .
level of control there will generally be no net 1ncrease~

. in suspended solids in water passing through the power plant

system. Organics (0oil and grease) must be controlled to
10 mg/l1 to meet BADCT standards. Hence, from_ (1921,232)
these emissions will amount to 3.02-03 ton/101%4 Btu. :
Information on the increase in total dissolved solids of
water used in power plants is not readily available and
-was synthesized from (1922;10,12,20,22). Based on this
data the net increase in total dissolved solids for water

- used by the power plant 1s 3 40 ton/lo12 Btu;

‘Thermal discharges are assumed to be completely ellmlnated
by use of mechanical draft coollng towers.

Capital and operatlng costs for controls are estimated as
follows:

Control System eapltal Cost— Operatlng Cost-

’ . S/Xw Ref Mllls/Kw-hr Ref

Water Poll-Chemical 1 (1921,233) - .05 (1921,234)

Water Poll-Thermal i0 (1915) ‘ =05 (1920,II1I-3)
Total IT - I0 :

Based on the above, a 60P load factor and a net plant heat
rate of 9053 Btu/Kw-hr (37.7P primary efficiency from foot-
note 2908) the incremental capital cost is 2.31+04 $/1.0E12
Btu and the incremental operating cost is 1.10+04 $/1.0El2
Btu. These are in addition to the costs given in footnotes

III-15



FTN. 3903-8001

3903

3905

8000

8001

2906 and 3905. Note that incremental fuel costs associated
with purchasing a. .6P sulfur residual oil (for oil fired

- power plants) are not included in the above analysis. Al-

though properly attributed to air pollution control costs,
the cost of fuel is not considered in the operating and -
maintenance costs of the uncontrolled case and hence an
incremental fuel cost is not given for the controlled case.

See footnote 1906, using 0.089 men per MWE.

Cost of gas fired powér plant at $100/Kw, (1914) and (1915).
Operating and m&inté&nace cost exclusive of fuel cost at
0.51 mills/Kw-hr (1906,45). A 60P load factor is assumed
and the FCR for capital is 10pP,

Primary efficiency for the ATC two-stage coal .
combustion process includes the decrease in efficiency
associated with the necessity of thermal drying of the

'ROM coal from 22.25 to 4 percent moisture (8022-23).

From (8006,13-3/13-25) and the fact that it takes
5.42E+04 ton of 9226.0 Btu/lb average Northwestern
coal for 1.00E+12 Btu input, 1.10E+03 ton or 2.0
percent of the coal is consumed in drying. This leaves

4.34E+04 ton of 11285.6 Btu/lb coal going into the process. '

This 4.34E+04 tons of 4.0 percent moisture coal is then
dried to 1.0 percent moisture prior to erntering the
combustor, leaving 4.21E+04 ton of 11715.6 Btu/lb coal
(8022-23), Based on theé above input to the combustor
and that 3.79E+00 1b low Btu.gas, at 2.58E+(03 Btu/lb
are produced per 1b of Northwestern coal, the ‘
efficiency of gas production = 84.0 percent. The’ :
primary efficiency of theiATC combustor coal conversion

processi = 0.98'x 0.83 x 100.0 = 81.0 percent.

The land impact of the ATC coal combustion process :
consists of eguipment for thermal drying (see footnote
8000), equipment for the combustor unit and- '
desulfurization unit, limestone stcorage and
desulfurization slag storage. Coal storage will be
allocated to the utility since the combustor -can be
retrofitted to an existing facility (8015,45). No
impact on land area could be found for thermal drying.
It will be assumed at 0.10 acre. The impact of _
equipment for the combustor and desulfurization unit’
will be 4.50 acres, assuming a 1000 MW utility
employing four 28 ft diameter combustors, sulfur
recovery systeém, coal, limestone and air preparation
equipment (8025). From (8029), the use of the
Northwestern coal will require 0.0119 1b limestone/lb
coal feed.to the process,and 0.0687 1lb stored slag/lb
coal feed is produced. For 4.34E+04 ton coal feed

(see footnote 8000), 5.16E+02 ton of limestone is
needed. For 4.21+04 ton of coal fed to combustor (see
footnote 8000), 2.89+03 ton of stored slag is produced.,
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8003

FTN. 8002-8003

.'Assuming a pile height of 30.0 feet and a density of
0.083 TZ/CF for limestone and 0.060 T/CF for stored

slag, 9.78E-03 acre/yr and 1.11E-01 acre/yr are used.
Total land impact, acre yr/l 00E+l2 Btu = 4.78E-02 +
1.60E~0 2 = 6.72E-02. .

,Particulate emission sources are the €oal fired thermal

dryer, air blown dryer, limestone dryer - crusher and
combustor. A fluidized bed thermal dryer with a 99.0
percent efficient venturi will emit 0.2 1b partlculate/
ton of coal feed (0002,8-10). With an input of

- 5.42E+04 ton coal/1.00E+12 Btu,particulate = 5.42E+01

ton. The air blown dryer will have the same emissions

.as the ccal fired dryer. For the 4.34E+04 ton of coal

fed into the system (see footnote 8000), 4. 34E+01 tons

‘of particulate are produced. Crushing of limestone with

a 99.0 percent efficient bag house will produce 8,52E-02
tons of particulate (0002,8-15). Drying of limestone is
similar to drying of gypsum, thus with the use of a
fabric filter 0.2 lb/ton of particulate is emitted or
5.16E~02 ton. (0002,8-14) The only particulates from a
commercial size combustor will be metallics, from
bubbles bursting in the iron bath (8022,105/107). This
amounts to 1.82E-04 1b/SCF in the test combustor but
will be reduced at least by 99.0 percent or 1:82E-05 1lb/ .
SCF in the commercial (due to 4 times flue). 1.0 1lb
coal will produce 5.83E+01 SCF of .gas (8029), for
4.21E+04 ton of coal input to the system 4.96E+09 SCF
gas is produced yielding 4.52E+01 ton of particulate.
This particulate will not emerge from the conversion
process but will be emitted from the utlllty and will

be allocated to it. Total particulate emission from the
conversion process = 5,42E+01 + 4.34E+01 + 8. 52E-02 +

5.16E-02 = 9.77E+01 ton.

Sources of air emissions for ATC-combustor. process will
be from the primary coal fired fluidized bed thermal
dryer and Claus plant. Pollutants inherent in the
combustor fuel gas are allocated to the utility where.
they occur. A well controlled thermal dryer. will emit
0.54 1b NO /l 00E+06 Btu, 0.045 1lb SO,/1.00E+06 Btu,
0.58 1b hydrocarbon/l 00E+06 Btu and 0 39 1b Co/l 00E+06
Btu. From the coal used in flrlng (1121),
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8004

8005

8006

B00O7

8004-8007

1. 10E+03 ton of 9226.0 Btu coal or 2.03E+10 Btu is
used for firing, thus 5.48E+00 ton NOy, 4.57E-01 ton
SOy, 5. 89E+C0 ton hydrocarbon and 3. 96E+00 ton CO is

- produced. Emigsion from the Claus plant consists of

SOy. From the molar composition of HyS + SOy of 35.0
percent of the gas and (8012) the:Claus plant :
efficiency is 92.0 percent from (8029), HpS = 3.20E-03

lb/ 1lb coal and 802 = 2,80E-03 1lb S0,/1b coal. Total

S available = 4.41E<03 1lb/lb coal. For 4.21E+(0¢—tons coal,
1.49E+4+01 ton of S is-awvailable: as ‘an emission or as

SO, = 2.97E+01 ton.. Total 502 = 4.57E-01 + 2.97E+01 =
3.00E+01 ton. .

Ancillary energy demand is stated as 12 MW for 1000 MW:

of elec&ricity~producedito operate the equipment’
necessary for the conversion process (8025). 1.00E+l2

7 Btu 1nput will produce-9.31E+04 MW, (8029) thus.

an01llary energy = 1.12E+03 MW or 3. 83E+09 Btu (8029).

Water effluent:from the conversion process occurs only

-from runeff from stored slag. The conversion process

is a crosedflcOpﬂwithiresgect to- water-use. From (8022,
147), the sulfate runoff, given-a slag of 1.0 percent
sulfur, is 23.0 PPM sulfate or 2. BSE 01 GM/SQFT or-
2.43E~ 02 ton. - .

Solid. waste consists of desulfurized slag only. Sulfur

~will be sold at current market prices. In the Northwest,-

slag will not have a market (8025), it is. considered
a solid waste. Solid waste = 2.89E+03 ton (see
footnote 8001). . ~

‘Air emﬁSsionB-fromitherutility'utilizing'the ATC

process depends upon the composition: of the gas. One

pound of Northwestern coal w1ll produce  a..gas- comp031t10n :
‘as follows (8029):

co ©1.4232 1b
Hy © 0.0577 1b
COy - 0.0001 1b
Ny© 2.3049 1b

The gas will also contain 22.0 PPM SO, (8015,29),
22.5 PPM NO, (8025) and 5.42E+01 ton particulate
(footnote 8002).
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8011

~ FIN. 8009-8011

For combustion of the low Btu gas, a flrlng temperature
of 1100F - 1200F will be used (8025). Aasumlng
combustion is essentially complete,the emission from
fuel gas combustion, given 4,21+04 ton of coal input

or 3.12+08.ton of gas (footnote 8002}, = 3.11E+00 ton
S0y and 3.23E+00 ton NOyand 2.26E+02 ton particulate.
Total emission through the stacks are as follows-

~ Particulates SN . soy - NOX
5'42E+01' o ‘3-11E+oo o ”‘3-23E+00*‘

802 emissions from the BOM Atmospherlc Ga51f1catlon
Activity is 3.95E+0l tons. Figure is based on a coal
input of 3.62E+04 tons/yr. Of the 0.68 moles of H2S fed
to the absorber, 80 percent is reacted and 97 percent

is regenerated Emlss1on of st is consrdered as saz

(8010)

Air emrssrons for the BOM—AtmosPherlc Conversion -
Process, using the Northern Appalachlan coal, consist
only of SOx vented from the ammonia sulfate plant
(8030). 80.0 percent of the H2S5 in the initial
combustor fuel gas is removed by the 1ron ox1de
absorber. Upon regenezatlon, a gas rich in 8021s formed.
This is. then fed to an ammonia sulfate plant which has
an efficiency of 97.0 percent (8030). The Northern
Appalachian coal will produce a feed of 69.70 1b 802

' equlvalent/ton of coal (8030), therefore the emission

is 2.18 1lb SOx/ton of coal. For a 1.00E+12 Btu
equlvalent of 3.94E04 ton of coal, 3.95E01 ton of SOx
is produced. - ' ' : :

'Air emissions for the BOM conversion process occurs from

ammonia sulfate production as described in footnote 8009.

For Central and Northwest coals, with feeds of 3.82E0l :
1b and 1.48+01 1b S02 equlvalent/ton of coal to the ]
ammonia plant and coal feeds of 3.62E04 tons of coal and .
5.42+04 ton of coal respectively, 2.07E01 ton and 1 20401 . -
ton of SOx are emltted respectlvely - :
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8012

8013

8014

8015

8016

8012~-801¢6

“The BOM-Atmospherlc Gasifier will require 4. 15E04 tons

" The land impact for~the-atmo$pheric comb®stor using

The BOM-Atmospheric Gasifier will require 5.42+04 tons
of 9226 Btu Northwestern coal per-1.00El2 Btu input.
6.38 percent of this is ash. Assuming essentially all of
this ican be removed from the combustor, solid waste =
5.42E04 x 0.0638 = 3.46E03 ton (8030). This solid waste
w1ll be returned .to the mine as fill.

The BOM-Atmospheric Gasifier ‘will. requlre 3.62E04 tons
of 13800 Btu/lb :Northern .Rppalachian coal per 1. 00E12 N
Btu input. 14.0 percent is ash and assuming all can be

- removed from the combustor,solid waste = 0.14 x 3.62E04 =

5.06E03 ton (8030) 50 percent will be returned as fill -
to the m:me. o - o . “l

of 12050 Btu/lb Central regional coal per .1.00+12 Btu
input. 17.3 percent is ash. Assuming all ash is.
removed from the combustér,solid waste= 0.173 x
4.15E04 = 7.06E03 ton (8030-)°

The land impact for the BOM-Atmospheric Combustor
proceéss using :Northern Appalachlan coal consists of .
the equlpment“for convérsion and -sulfur removal and
for ash storage. The conversion and sulfur removal
systems have a fixed impact of 50.4 acres. From
footnote 8013,2.53E03 ton of ash will be produced. In a
pile; 30.0 ft high, ash will occupy 2. 91E~01 acres.
Fixed land impact for processing 1.00E+12 Btu/yr is.
4.76E-01 Acre-yr. Time *averaged land -impact for ash
disposal is 3,43E-0l1 acre-yr. Total land impact is
8.196-01 acre-yr/1.00E+12 Btu (8031).

a Central regional .coal having. a heating value of 12050
Btu/lb consists of land requiréd for the ash storage
pile, gasifier, gas treating facility, and the sulfur .
plant. The ash: storage pile assuming a 50 foot pile
occupies 4.B5=01 acres/1.0QE12.iBtu. For a throughput
equivalent to operate a 1000MW-plant the land impact is
3.76 acres. This -is time averaged over 25 years. The
fixed land tmpact is 2.26 acres, The time averaged land
impact per Btu throughput is 1:{07EQ0 acres (8031). -

A : B .
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FIN. 8017-8023

8017 . For the BOM-Pressurized Combustor using a Central
region coal the only air emissicns occur in the
ammonia sulfate plant. For a 1000 1b feed 1.154 1b of
S04 is released (8030). For a 1.00E12 Btu feed of
4 ESE04 ton of coal, the SO, emission is 2.40E0l ton.

8018 For the BOM-Pressurized Combustor using a Northern
Appalachian coal, the only air emigsions occur from
the sulfur recovery process in the ammonia sulfate
plant. For a feed of 1000 lb of coal, 1.09+00 lb of
502 equivalent is released (8030). For an input of
~1.00+12 Btu of 13800 Btu/lb coal, the 50,5 emission =
3.95E01 tons. - S R C

8619 Land impact associated with the BOM-Pressurized
Cambustor consists of the gasifier, gas treatment
plant, sulfur plant, and cooling, and .ash storage
system. For a Central regional cocal this equals
2.50E-02 acres/1.00E+12 Btu input and a time-averaged

- ‘ash storage of 4.94E-0l acres over 25 years assuming
50 foot pile. Total land impact = 9.98-01 acres (8031).

8020 Land impact for the BOM-Pressurized Combustor utilizing:
a Northern Appalachian coal is identical to fixed land
impact for footnote 8019, however it is adjusted to
reflect change in Btu content of gas produced. Fixed o
land impact = 2.40E-02 ash is the same. Total-land impact =
2.40E-02 + 4.94E-01 = 7.51E-01 acres (8031).

8021 Air emissions for the BOM-Pressurized combined cycle
. boiler consist of SO,. For an input of 1.00E+12 Btu of
' gas 1.48E+04 moles o% S0; are formed (8036). SOy = '
4.74E+01 tons/1.00E+12 Btu. . '

8022 Product gas from the absorber contains 0.136 moles of
: H,S/8.96E06 Btu (8030). For a boiler feed of 1.00+12
Btu, gas contains. 1.54E04 moles of HyS. Assuming
complete combustion 4.88E02 tons of SO3/1.00El2 Btu
are formed. ' ' '

8023 Product gas:from the absorber contains 0.075 moles of
~ Hpy8/8.97E06 Btu of gas. For 1.00El2 Btu of gas produced
and fed to .boiler 8.40E03 moles of HyS are converted to .
S0, assuming complete combustion. SO, = 2.69E02 tons/
1.00E12:Btu. : _
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8024

8025

8026

‘8027

8028

8029

8030

8024~8030 °

Product gas from the -spray cooler contains 0.075
moles H,S/8.72E06 Btu of gas. For 1.00E12 Btu of
gas produced and fed to-boiler 8.63E03 moles of H2S8
are converted to SOz in boiler.Assuming complete
combustion . (8030), SO = 2.78E02 tons/1.00El12 Btu.

Particulate emissions consist of carbon and sulfur

dust emitted from the boiler. For a 1000 1b Central
region coal feed, 3.02E01 ibs of dust are emittéd.For a
coal feed of 4.15+04 ton/1.00E12 Btu,emission is -

1250 tons dust (8030). Dust or particulates are removed
by 80 percent in absorber hence particulates = 1.25 ton/
1.00E12 Btu. For-use in a combined. cycle power plant an
additional 97 percent particulate removal must be
obtalned by electrostatlc prec1p1tator (OOOZ—AS)

Particulate emissions for the boiler consist of ‘dust
as in footnote 8025. For a 1000 1b feed emissions are
3.19E01 tons. For 1.,00E12 Btu feed of 3.62+04 tons
and ‘90! percent removal in.abserber and 97 percent by:
precipidtator particulate emissions= 3.44 ton/l 00E12
Btu (8030 .0002-<A5).

Particulate emissions consist of carbon and sulfur.
emitted from boiler. For a 1000 1b feed, 3.02 lbs are -
emitted in gas and 90 percent.is removed. in absorber
(8030). For 4.15E04 ton/1.00El12 Btu feed

particulates = 1.25E02 ‘tons/1l.00E1l2 ‘Btu.An electrostatic
precipitator at 97 percent -efficiency ylelds 3.75E+00
tons.

For 1000 1lb coal feed partlculates = 3.19 1b for 90
percent removal -and: ccal feed of 3.62E02 ton/1.00El2
Btu.Emission = 1.15E02 ton/l. OOElZ Btu (8030) See
footnote 8027. '

For 1.00 1lb of coal fed to producer,'OrOOI 1b HzS/6.04E03
- Btu of gas is formed. For boiler feed of 1.00El2 Btu and

assuming complete combustion SO2'= 1.56E02 tons S02/
1.00E12 Btu (8030).

Partlculate emission £rom. the absorber is 0.0026 1lb/
6.04E03 Btu of gas produced. For a feed of 1.00E1l2

Btu of gas, 2. 16E02 tons of partlculates are generated
(8030). . .
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FTN. 8031-8035

8031 Air emissions from the Lurgi Combined Cycle Process
consist of SOy, NOy,, and particulates. Emlss1ons ‘ares
(8027)

>

NOx = 0.021 1lb/1.00E06 Btu input
S04 = 0.057 1b/1.00E06 Btu input
Particulates = 0.029 1b/1. 00E06 Btu- 1nput

£

For a 1.00E12 Btu input air emissions are:_

NOx = 1.00E01 ton/1.00E12 Btu
SOy = 2.86E0l ton/1,00E12 Btu ‘ _
Particulates = 1.43E0l ton/1.00Ei2 Btu

8032 Land impact for the BOM-Atmospheric Combustor consists
of fixed land.impact of 50.4 acres for equipment
necessary for conversion of 1.00El2 Btu/yr:-The time-
averaged land impact = 4.20E-01 acres (8031).

8033 The land impacts for the power generation cycle

. consist of fixed land impacts only. From footnbte
3902 land impact for a 3000 MW plant = 150 acres. For
a 1000 MW plant this equals 50 acres. Annual Btu
throughput to operate a 1000 MW plant is as follows'

1.06E14 Btu/yr
1.00E14 Btu/yr
1.20E14 Btu/yr

Northern Appalachian,Coal
Central Regional Coal
Northwest Coal

For a fixed land impact of 50 acres this yields an
impact of: 0.482 acres/1.00El12 Btu, 0.500 acres/1.00El2
Btu, and O. 4L8 acres/l 00E12 Btu respectively (8030)

8034 Partlculate emission from spray cooler ylelds 0. 211 ‘ .
- ‘ 1lbs/6 ~83E03 Btu. For 1.00El2 Btu of product fed to boiler
1.56E04 tons particulates are produced. Using an
electrostatic precipitator of 97 percent eff1c1ency this
'yields 4.68E02 tons particulates (8030)

o

& . 8035 Land impacts for the BOM—Atmospherlc combined cycle
‘ ’ generating system is 1.26 acres/58.2 MW plant (B8031).
For a 1000 MW plant it equals 21.7 acres. To run a
1000 MW power plant the following gas heating .
composition must be fed to the turbines/yr:
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8036

8037

8038

8039

8040

8041

" For a 1.00E12 Btu coal :input:of 5.42E04 tons, SO,

- ig 2.98E+02 acres. Transmission.distance. based on

Power transm1551on‘1s based on 3200 MW capacity line

‘distance from Pittsburgh to Chicago.

8036~8041

N. Appalachian Coal 1.06E14 Btu/yr
Central Regional Coal . .1.00El14 Btu/yr
Northwest Coal 1'20E14-Btu/yr

For a 1.00E12 Btu input the land impact would be as
follows:

2.05E-01 acres/1.00E12 Btu
2.17E~01 acres/1.00E12 Btu
1.81E-01 acres/1.00El12 Btu

N. Appalachia
Central Regional
Northwest

Based on calculations in (8030) SOz emissions ffom the
amimonia sulfate.plant are 0.00026 1lb/lb coal input.

emissions are 1.41E(Ql tons/1.00E12 Btu (8030).

Power transmission is based on 3200 MWﬂcapaCLty line
with a lead factor of 0.70 (8033,I-13). Capacity is
6.70E+13 Btu/yr. From (8033,I-1)right of way is 20.0
acres/mile- and transmission .distance is assumed at
1000 miles. For 1,.00E+12 Btu input the land impact

distance: from. Four Corners-to Chicago.

with a. load factor of 0.70 (8033, 'I-13). Capacity is
6.70E+13 Btu/yr. From (8033,I-1) right of way is
20.0 acres/ mile and transmission distance is 450
miles. For 1.00E12 Btu: input:the landiimpact is
1.35E+02 acres. Transmission: distance-based on

Ancillarykenerg§ for a 150 .ton/hr plant requires"
34,745 KWH/H. For a 1l.00El2 Btu coal feed of 12,100 Btu/lb
coal, this is equivalent to 3.27E+10 Btu. (8010,19).

Ancillary energy for a 150 ton/hr plant regquired
34,745 KWH/H., (8010,19). Forra-1.00 E12 Btu coal
feed of 9226 Btu/lb coal, thlS is equivalent to
4.28E+10 ‘Btu.

Ancillary energyvfor,a4150 ton/hr plant requires

34,745 KWH/H (8010,19). For -a 1.00E+12 Btu input of
13,800 Btu/lb coal, this is equivalent to 2.86E+10 Btu.
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8042

8043 .

- 8044

8045

8046

' FTN. 8042-8046

Ancillary energy for a 150 ton/hz plant is 34,415
KWH/H (8010,18). For a '1.00E+12 Btu input of 12,100
Btu/lb coal, this is equivalent to 3.23E+10 Btu.

Ancillary energy for a 150 ton/h* plant is 34, 415 .
KWH/H (8010,19). For a 1.00E+12 Btu input of 13,800
Btu/lb coal, this i& equivalent to 2.83E+10 Btu.

Ancillary energy for a' 150 ton/hr plant is 34,415

KWH/H (8010,19). For a 1.00E+12 Btu input of 9226

Btu/lb coal, this is equivalent to 4. 22E+10 Btu.

Land impact for an ATC Combustlon process con51sts

of land for thermal drying, combustors, desulfurization
unit, limestone and slag storage. Coal storage will be
allocated to utility since combustor can be retrofitted
(8015,45). Thermal drying is assumed to require 0.10

racres. 4.50 acres are required for combustor and

desulfurization units (8025).The use of 11,503 Btu/lb -

-coal requires 0.224 1b llmestone/lb coal and
produces 0.1101 1b slag/lb of coal of which 50 percent

is g0ld. For a feed of 4.390E+04 tons coal this produces
1.10E+03 tons/yr limestone and 2,69E+03 tons of slag
Assuming limestone and slag have a density.

of 0.083 t/cf and 0. 060 t/cf respectively, a refuse
plle 30 feet 'in height would occupy 1.34E-01 acres/yr.
Time averaged over 25 years would equal 2.94E-02 acre--
years/1.00E+12 Btu. Fixed land impact is 4.60 acres. On.
1.00E+12 Btu basis = 5.33E-02. Total land impact is
8.27E-02 acres-yr/1.00E+12 Btu for yearly output of
B.67E+13 Btu/yr. _

Land impact for an ATC Combustlon process ut11121ng
Northern Appalachian coal at 12696 Btu/lb requires
4.50 acres for combustors and desulfurization

equipment. Coal storage is applied to utility. Limestone
and slag produced is 0.0262 1lb coal input and 0,0899 1lb

" coal input respectively (8029). 50 percent of the slag

is sold. FPor a coal feed of 3.94E+04 ton/1.00E+12 Btu,
1.03E+03 ton of limestone and 3.54E+03 tons of slag is’
produced. Assuming 30 ft high refuse pile and a density
of limestone of 0.083 ton/cf and slag of 0.060 t/cf
this occupies an area of 1.06E+14 Btu/yr this equals
1.45E~-02 acre-yr/1.00E+12 Btu. Fixed land impact for
output of 1.06E+14 Btu/yr equals 4.24E-02 acre-yr/
1.00E+12 Btu., Total = 5. 69E 02 acres-yr/l.00E+12 Btu.
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8047

8048

8049

8047-8049

The effic;ency of the. ATC- Combustbr .Conversion process

- utilizing.a Pittsburgh ceal having 12696.0 Btu/lb,

1.0 percent moisture and 13.85 percent ash, will be

- Btu gas out/Btu coal in. From (8029) 1.0 lb of coal
will yield a gas of 9.34E+03 Btu.: For a 1.00E+12 Btu

input, 3.94E+04 ton of coal. 1s input producing 7.36E+11
Btu of gas. Thus efficiency = 7.36E+11/1.00E+12 = .0.736

The efficiency.of the ATC-Combustor Conversion process
includes the decrease in efficiency associated with

the necessity of thermal drying of the 10050.0 Btu, 15.31
percent: moisture .ROM - Illinois No. 6 coal to a.4.0 percent
moisture coal (8022,23). From (8006 13-3/13-25). and the
fact that it takes: 4“97E+04 ton/1. 00E+12 Btu input, 6.70
E+02 ton or 1.3 percent of the.coal is consumed in-drying.
This leaves 4.35E+04 ton of 11332.0 Btu coal geoing into
the process. Then.it.is. air dried to 1l.0:percent:moisture
prior to entering. the combustor, or 4.22E+04 -ton.of 11503
Btu coal. Based upon this input to the -combustor and

that 9.19E+03 Btu of gas is produced/lb coal, eff;cxency—
0.799 x 0.986 = 0,788,

Sources of. ‘air .emissions :for the. ATC= Combustor process
utlllzlng Central coal will be  from the .coal fired
thermal:dryer .and Claus. plant. Pollutants inherent in
the combustor fuel gas.are allocated .to the.utility
where they occur. A.well.controlled thermal dryer will
emit 0.54 1lb-NOy/1. 00E+06 Btu, 0.045.1b SO, x/1.00E+06

Btu, 0.58 1lb hydrocarbon/l 00E+06 Btu and O 39 1b co/
1.00E+06 Btu. From the:-coal used in flrlng(llZI), 6.70E+02
ton of coal will be consumed in drying (see. footnote
8048) or 1.35E+10 Btu:Thus 3.64E+00 ton NOy, 3.00E-01

ton SOy, 3.92E+00 ton hydrocarbon-and 2.63E+02 ton’'CO
will be emitted.From:-the Claus plant the only emission

is SOx.~From molar HyS + SO; .percent of 31.0 percent of
the input-gas and. (8012),-the Claus. plant: eff1c1ency is
92.0 percent. From (8029) , - st = 2,67E-02 1b/1lb coal and
S02 = 2.50E-02 1b/1b coal is input:af Claus. The output
equals 0.0060 1lb/lb coal on an .S0p basis. For.an input of
4.75+04: ton of coal, SOy = 2.86E+02. Total:SOy = 2.86E+02

+ 3.04E407 = 2.86E+02 §0.
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FTN. 8050-8052

Air em1551ons, other then particulate, for the ATC-
Combustor, utlllzlnq No. Appal. coal, occur from the

Claus plant. The emission is SOy. From molar H,S + SO,
percent of 32.0 percent of the input gas and (8012), the
Claus plant efficiency is 92.0 percent. From (8029),
HpS = 3.97E-03 1b/lb coal and SO; = 3.50E-03 1lb/1b coal is

. -input to Claus,. giving an output of 0.0009 1lb SO, -
- equivalent/lb coal. For an 1nput of 3.94E04 ton of coal/

1.00E12 Btu into the conversion process, SO, = 3.94E+04

%X 0.0009 = 3.55E+01 ton.

Particulate emission sources using Central coal consist

of the coal fired thermal dryer, air blown dryer,
limestone dryer-crusher and combustor. A fluidized

bed - thermal dryer with a 99.0 percent efficient venturi
scrubber will emit 2.0 1lb particulate/ton coal feed
(0002,8-10). With an input of 4.97E+04 ton of ROM. coal/
1. 00E+12 Btu, particulate = 4.97E+01 ton, for the air
blown dryer, for 4.35E+04 ton of coal fed into the
system (see footnote 8048), particulates = 4.35E+01 tons.
Crushing and drying of limestone with a 99 percent
efficient bag house and a throughput of 1.00E+03 ton of
limestone will emit 7.18E+00 ton and 4.35E+00 ton
respectively (8002,8-14/8-15). The only particulates from

.the combustor are metallics (8022,105/107). This amounts

to 1.82E-04 1b/SCF in the test combustor, but will be:
reduced by at least 99 percent in the commercial size
combustor or 1.82E-05 1b/SCF of gas (8029). Particulates
= 7.15E+01 x 1.82E-05 = 1.30E-03 1lb/1lb coal or for

4.22E+04 ton input to the combustor particulate = 5.49E+

01 ton. The particulate will be emitted at the utility
and not considered part of the conversion process.

- Therefore total particulate from conversion = 4.97E+0l1 +

4.35E+01 + 7 18E+00 + 4.35E+00 = 9.47E+01 ton.

50, emlsS1ons from the BOM combined cycle plant consist

of the HoS contained in the gas from the spray coolers.

This gas contains 0.0012 1lb H,S/6.83E+03 Btu output. For
a feed to the boiler of 1. 00E+12 Btu, 1.76E+05 lbs

or 5.16E+03 moles H,S are formed. Assuming complete

"combustlon, 1.65E+02 tons S05/1.00E+12 Btu are formed

(8016)
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FTN. 8053-8055

‘8053

8054

8055

Sources'of'alr'emlsSLOn £rom the Koppers—Tbtzek
Conversion process, using Central regiohal coal,
are the ‘coal fired thermal dryer and the Claus plant.

‘Another potential- source of emission is from the coal

pulverizing operation, but all dust is captured and
sent to:the gasifier (8023). From (8006,13-3/13-25) and
the fact that it:takes 4.97E+04 ton of 10050.0 Btu
Central .coal/1.00E+12 Btu input, 7.06E+02 ton of coal. is

. consumed. The ‘emi¥ssions.are 0.2 1lb particulate/ton coal .

feed (99.0 percent efficient venturi scrubbing) (0002,
8-10), 0.54 1b NO,/1.00E+06 Btu fired (8035), 0.045 1lb
50,/1.00E+06 Btu fired '(g8035), 0.58 1b hydrocarbon/ -
1.00E+06 Btu fired (8035) and 0.39 1b CO/1.00E+06 Btu
fired for thermal dr¥ying. From the above,. emission for
the thermal drying = 4.97E+00 ton partlculate 2.70E+02
ton NO,.For every lb of coal combusted in the combustor,
0.052 Ib of H,S and 0.006 b of ‘COS is'formed. On a
1.00E+12 -Btu basis, this yields a total ‘of ‘4572 tons
HoS and COScu1SOz ‘basis - (8034,14). 90.0 percent of this
505 "is-removed-in.the Rectisol unit.and directed to the
Claus -plant. Of ‘the 4115 tons'input to the Claus plant

with Stretfordstail gas ‘cleanup, 99.0 percent is removed. -

80, = 41.2 tonws/1.00E+12" Btu. -Total. SOy = 4.12E+01 +
3.20E-01 = 4. 12E+01 ton: S0y

Soz'emissions for the Koppers-Totzek .Electrical
Generation:process utilizing:Central coal occurs in the
boiler ‘activity. Assuming complete‘combustion of the
HoS and COS” enterlng the system 10-percent x 4572 = ‘
457.2 tons of SO is formed:-and: emitted. See footnote

8053 (8034,14).

" The only sources‘of*particulatés‘for“the*ATC-Combustor

process utilizing a Northern Appalachian:coal are the
limestone crusher-dryer and. the combustor. Crushing and

- drying of limestone with a-'99.0-percent:efficient bag

house and a throughput of 1.03E+03.ton of limestone -
will emit 2.06E-~01 ton.-and 1.70E-0l ton respectively .
(0002,8-14/8-15). The combustor will emit metallics,

" which in the commercial size combustor ‘equals 1.82E-05"

1b/SCF: gas. 1.0 1b coal will produce 80.89 SCF of gas
(8029). Particulate = 80.89 x 1.82E-05 = 1.47E-03 1lb/1b
of coal or for 3.90E+04 ton coal input to the combustor,
particulate = 57.4 lb. The metallic particulate will be
emitted at the utility and not be considered part of the
conversion process. Particulate from conversion =

" 3.76E~01. Particulate from utility = 5.74E~-01 ton.
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FTN. 8056-8061

8056 ~ SO, emissions from the Koppers-Totzek process

utilizing Northern Appalachian coal, at 12,696 Btu/lb,
7 occur in the Claus-Stretford plant only. For every

1b of coal combusted 0.6110 1lb of HpS and 0.0022 1b

. of COS are formed. On a 1.00E+12 Btu basis this yields:
a total of 911.6 tons st and COS on a SO, base
(8034,14). 90 percent is removed in a Rectisol unit and
directed to a Claus-Stretford plant for further gas
treating, up to 99 percent efficient. S0, = .90 x 91l.6
tons x 0.01 = 8,21 tons S05/1.00E+12 Btu. .

vl

8057 802 emissions for Koppers-Totzek electrlc generation
" process occur in the combined cycle activity. Of the
10 percent total SO; equivalent emitted from the Rectisol
unit, 100 percent is combusted in the b01ler._Tota1 50,
emitted equals 91.2 tons/l O0E+12 (8034 14) See
footnote: 8056. -

i

8058 Solid waste as ash generated in the Lurgl Conversion
: process is 3.46E+03 ton based on a feed of 5.42E+04
"ton of 6.38 percent ash Northwest coal. All other
- output will be sold (8031).

8059 . Land impact for ‘the Lurgi Conversion process consists of
: . fixed facilities and evaporatlon pond since ash will be
shlpped back to the mine (see footnote 8058). For a
Lurgi plant having an input of 3. 03E+13 Btu/yr of
12,927 Btu/lb Northwest coal, land impact is 50.4
acres. For a 1.00E+12 Btu input land impact 1s
1.66E+00 acres (8012,II-A-I).

8060 The efficiency of the Lurgi fuel gas process is 75.8.
percent based on an input of 3.03E+13 Btu/yr and an
output of 2, 30E+l3 Btu/yr (8012, II-A-I).

8061 Ancillary energy demand for the Lurgi Conversion

o process consists of power requirements for fuel gas
production, fuel gas cooling, and fuel gas treating.
Total requirement for 3. 03E+13 Btu/yr input (see
footnote 8060) is 9400 KWH/H. For a 1.00E+12 Btu
input total ancxllary energy is 9. 27E+09 Btu (8012,
- 1I-D-5). '

L]
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FTN. 8062-8068

8062

8063

8064

8065

8066

8067

8068 -

‘For a 1.00E+12- Btu input. land impact is 1.00E+12 Btu x

7 Efficiency’ of - -Koppers- Totzek Comblned Cycle Power

- Efficiency = 3413/8500.-= 4.01E+01.

Anc1llary -energy demand consists of 2590° KWH/H for .
steam generation (8012,II-D~5)' plus power required
for air compression. From (8012,Area 23) 20.6 per-
cent of total plant energy demand for air compression
(5150: KWH/H) is. associated with the electric genera-
tion process. Total ancillary :energy is 3650 KWH/H.
For an input of 2.30E+13 Btu/yr the power requirement
is 1.09E+10 Btu/yr.' For a 1.00E+12 Btu input, total
an01llary energy is-4.74E+08 Btu.

14

Land impact for the‘KQpper—Tot ek Conver31on process
consists of land reguired for the combustors,clarifiers,
sulfur removal plant, water ccoling aad.coal drying.Ash
is tojbe returned to the mine.For a 1000 MW.plant 11
acres:are required- {8023) .For a 1000-MW plant, a coal
feed of 5.47E+07 tons/yr is required, considering a

74 .4 percent conversion and 40:0 percent generation
efficiency using-a Northwest. coal at 9226 :Btu/lb.

©
[

11 acres/1.01E+14 Btu/yr input-= 1.09E-0l1 acre-yr/
1.00E+12 Btu (8023). .

Efficiency for the Koppers-Totzek Conversion process
is 74.4 percent based en a:coal input.-of' 9226 Btu .and
gas output-of. 6863 Btu (8023).

Generation Activity is: 40.0 percent based on
calculations from (8034,10). This:assumes a 90 percent
load factor and the. system from (8034 10).

From (8034,10) and assuming a 90-percent load factor,
it takes 8500 Btu input to generate 1.00 KWH.

Efficiency for the KopperSvTotzek:Conversion process
using Northern Appalachian cocal. is 82.0 .percent for
a coal input of 12,696 Btu.and- output of 10,407 Btu
(8023). .

Solids generated'during'the,KopperSHTotzek process
using Northern Appalachian.coal consist of 0.1372 1b
ash/1b coal input (8023). For .an input of 9.12E+13 Btu/
YX s 4,93E+05 tons of ash are produced. Solid waste

is 5.41E+03 tons ash/1.00E+12 Btu 1nput

w
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FTN. 8069-8075

8069  Land impact for the Koppers-Totzek Conversion process
for a 1000 MW plant is 10 acres. For a yearly input of
9.12E+13 Btu of coal and a conversion and generating
efficiency of 82 percent and 40 percent respectively,
on a l.00E+12 Btu basis land impact is 1.10E-01 acre-
vears. Land required for ash storage is 3.864+00 acre
for an input of 9.12E+13 Btu/yr of 12,696 Btu/1lb coal.
For an input of 1.00E+12 Btu time averaged 25 years,
land impact is 3.98E+00 acre-years/l1.00E+12 Btu .(8023).
This assumes a pile height of 30 feet, ash density
of 0.02 tons/cf and that 0.1372 1lb ash/lb coal is

"generated. See footnote 8068. : P

W

By

8070 Solid waste for the Kopper-Totzek Conversion process
is 3.46E+04 ton/1.00E+12 Btu input based on an input
of 1.01E+14 Btu/yr  and a coal heating value of
.9226 Btu/lb ccal. Ash generation is 0.0638 1b/1b
coal input (8023). o : o

8071 Solid waste for BOM-Pressurized conversion process’
is 3.46E+03 ton based on an ash content of 6.38
percent and coal feed of 6.50E+06 ton/yr and an input
of 1.20E+14 Btu/yr (8016). On a 1.00E+12 Btu basis
this is 3.46E+03 tons.’ . o -

8072 For an input of 1.20E+14 Btu to serve a 1000 MW plant
50.4 acres are required, For 1.00E+12 Btu input basis
this is 4.17E-01 acres (8012). Solid waste will be
returned to the mine,hence incremental land impact is
zero. R ' a

8073 - 'Solid waste for the ATC Conversion process is 0.00E+00
‘ton. All slag and iron can be sold (8029).

8075 The only,air emission from the Lurgi Conversion

) ' process is from the sulfur recovery process (8031,
ITI-12-2). 94.0 percent of the HzS in the combustor
gas is removed by the contacters of .the Stretford
process (8031, III-22-1). The absorber then removes
'99,.4 percent of the H3S, the offgas from the absorber
is flared. Based on.a combustor gas of 0.00515S/1b
coal to the combustor .and a feed of 5.42E+04 ton of coal

- to the combustor, sulfur released equals 1.66 tons/1012
Btu input, or 3.32 tons.SOx/l0l2 Btu. “

A
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"FTN. 8076-8081.

8076 .

8077

8078

8079

8080

8081

Air emissions from generation.of electricity
utilizing the ATC process:depends on the gas
composition being- fired. 1.0 lb of Northern . .
Appalachia .coal will. produce a gas with the followlng
compoesition (8029)

1.6533 1b CO
0.0505 1b Hy. -
0.8559 1b Op .
0.0128 1b COy’
3.2045 1b N
44.00. PPM HyS:

Upon: combustlon in 'a boiler:.:system fired:at 1100F -
1200F: ‘and .assuming. nearly complete combustion,. the:only
pollutants emitted.are- as- follows - 22.5 ppm NOy (8025)
and 22.0 ppm.SOyx- (8015,29). For a 1.00El2 .Btu-input.of
gas (5.35E04- ton), the. emissions. are ‘1. 11E00 ton NOy
and 1 08 ton SOy

Landllmpact is. 1.21 acres for the Kopper-Totzek:
conversion process using:a Central: coal. For' an lnput
of 9.23E+13 Btu-and -ll acres, fixed land impact is
1.09E-01 acres. For a cdal-feed'of'9.23E+13~Btu/yr+
1.1338E+04 Btu/lb = 4.07E+06 ton/yr, 7.78E+05 tons.

of ash are produced..(8023). Based on. a 30 foot. pile

and an ash density of 0.02 t/cf the .ash, .all of which
is stored,will requlre 12.0. acre-yr/1. 00E+12 Btu.
Total land 1mpact is 1.21E+01 acres.

For én'input of 9.23E+13 Btu/yr and 11,338 Btu/lb
coal, 7.78E+05 tons -ash/yr is produced:based on an ash
content of 19.1 percent- (8023).. For 1.00E+12 Btu -
equlvalent feed, solid waste is 8.43E+03. tons.

Eff1c1ency for the BOM—Pressurlzed conver51on system

" is. 73. percent based-.on a coal .input of 12,050 Btu/lb

and a gas output of 8796 Btu/lb (8016).

Eff1c1enCy of the BOM- Pressurlzed :conversion process

cls 73.4 percent based on a coal: lnput of 13,800 Btu/lb

and - a gas output. of 10 133 Btu/1lb (8016).
Efficiency of the»BOM—pressurlzed converslon process

is 73.3 percent based on an input of 9226 Btu/lb and
a gas output of 6765 Btu/lb- (8016). ,
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8082 Air emissions from generation of electricity utilizing

I o - the ATC process depends upon the gas composition being
' S fired. 1.0 1lb of 1.0 percent moisture Central coal will

: v ~produce a gas with the following comp051tlon (8029):
S . ~ 1.48651 . 1b cCO:

I ' , : ' -0.0451 -1b Hp
: ' . 0.0012 1b CO2
| S © 2.8162 1b. N2 -

e - ) s 0.7529  1b O2
L R 44 00  PPM H2S

: Upon combustlon in a boiler system flred at 1100F~- 1200F
DR . and assuming nearly complete combusticn, the emission
will be as follows - 22.5 PPM NOx (8025) and 22.0 PPM
SO0x (8015,29). For a 1.00El2 Btu input.of gas .(5.44E04
ton), the em1951ons are 1.12E00 ton NOx and 1. 10 ton
SOx. - ‘ .

8083 Efficiency'fdr the BOM-ATM conversion process is 78.3
percent based on a coal input of 12,050 Btu/lb and gas
and tar output of 9441 Btu/lb (8016)

percent based on a‘'coal input of 13,800 Btu/lb and gas
and tar output of'lﬂ 832 Btu/lb (8016)

8085 Efficxency of the BOM-ATM conversion process of 73.3
o percent based on a coal input of 9226 Btu/lb and gas and
tar output of 6758 Btu/1b (8016)

8086 Ancillary energy for the ATC conversion process is
- 3.59E+09 Btu, based on a 12MW consumption for a 1000 MW
plant, and a total process efficiency of 29 percent
(8029). For a 1. 00E+12 Btu input, anc1llary energy is
3 59E+09 Btu.

8087 Dust 1oad1ng on the cleaned. gas from the Koppers-Totzek
process is approximately 0.0020 grains/SCF. (8024,7). 1.0
ton of Central coal, North Appalachian coal or Northwestern

: coal will produce 5.95E04 SCF (8024,14), 6.64E04 SCF -

= (8024,14) and 4.38E04 SCF (8023) of gas respectively.

' Based on the above particulate emission for electrical

- generation based on 1.00El12 Btu of gas input is as

follows, in tons:

I o . .8084 Eff1c1ency for the BOM-ATM conversion process is 78 5

. Central Coal Northern Appalachlan " Northwest Coal
4,62E-01 o 5. 03E 01 , 4. 56E 01 .
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8088

8089

8090

+8091 -

8092

18088-8092

'Anc1llary -energy for the Kopper-Totzek conversion

process is based on 15 MW for a 1000 MW plant (B8029).
For the Central, Northern Appalachia, and Northwest
coals;'theftotalaprocessaefficiency is '32 percent,

32.8 percent, and 29.8 percent. Based on this the
ancillary energy on a 1.00E+12 Btu ba51s 13 4.81, 4. 92,

‘and 4.48E+09 Btu respectively.

Ancillary energy for the boiler generation cycle is
3.37E+09 Btu based .on footnote'8062. Energy. required
for steam and power. generation is 2590 KW (8012 II-D-5)
for an input of 2.30E+13 Btu. No air compression is
required. On a’'l. 00E+12 Btu basis an01llary energy is
3. 37E+09 Btu.

~Potent1al sources of water effluent from-the. Kog pers-
in

Totzek process are boiler blowdown, raw .gas cooO
system-and overfill: of clarifier. For a 1.00El2 Btu v
input of coal 1.33E+06 gallon of boiler. blowdown will -
be-préduced. containing 40.0 PPM "suspended solids,
maximum of -30.0:-MG/L BOD ‘and 25.0 MG/L COD. This'water
will be cooled to .85+100F.and reuted -to clarifier.'
Water. . from raw gas cooling will follow the-same route..
The clarifier will require an additional 80.0 gal/
minute in makeup.water because of evaporation losses
in. quenching of ash from gasifier. The clarifier will
contain approximately 250 PPM of -total dissolved
solids. From the clarifier .the water will be filtered
and treated, then -recycled. Effluent = 0.00.

fbapltal cost. 0f a combined cycle gas~fired power plant

‘is 4.15E+07 dollars for a 363-MW plant (8020,16). Plant
‘efficiency is 40 percent. With a fixed: ‘charge rate of

10 percent, the annualized capital cost is-1. 53E+05 dollars/
1.00E+12 Btu in. Assumes a. 100 percent plant load factor.
This cost does not include the cost of the equlpment to
produce the low Btu fuel gas.’

Capital cost. for the ATC coal conversien process only
associated with a 1000 MW plant is 1.80E+07 dollars (8022).
Based on a 1.00E+12 Btu basis .and plant efficiencies of
78.8, 73.6, and ‘81.0 for the Central, Northern Appalachia,
and Northwest coals the :capital cost are 4.70, 4.40,

and 4.88E+04 dollars respectively, (annualized with a

10 percent fixed charge: rate) -Assumes a 100 percent
plant load factor. S

;
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Capital co§t for the BOM-Atmospheric process is
1.08E+07 dollars for a 150 ton/hour plant (8020).

Based on a 1.00E+12 Btu input (see footnotes 8042~

8044 for equivalent tons of coal) and 8760 hr/yr for
the Central, Northern Appalachia, and Northwest coals,
the capital cost are 3.43, 3.13, and 4.68E+04 dollars
respectively (annuallzed with a 10 percent fixed charge
rate).

Capital cost for the BOM-Pressurized conversion
activity is 2.59E07 dollars for a 150 ton/hour plant
(8026) . Based on a 1.00E+12 Btu input (see footnote
8039~8041 for equivalent tons of coal) and 8760 hr/yr
for Central, North Appalachia, and Northwest coals,
for capital costa are 8.23E04, 7.48E04, and 1.12E+05
dollars respectively (annuallzed with a 10 percent
fixed charge rate). ~

Capltal cost, for the Koppers-Totzek conversion process
is 8.6E+07 dollars for a 1.40Ell Btu out/day plant
(8024). Based on a 1.00El2 Btu in basis, 365 a/yr.
and plant efficiencies of 81.1, 82.0, and 74.4 percent
for Central, Northern Appalachia, and Northwest coals
the costs are 1.36, 1.36, and 1.25E05 respectively
(annualized with a 10 percent fixed charge rate).

Capital cost for. the Lurgi conversion process only
associated with a 333 MW plant is 1.65E07 dollars
(8020,16). Based on a total plant efficiency of 30.3
percent '‘and on a 1.00E12 Btu basis the capital cost is
5.02E04 dollars (annualized with a 10 percent fixed
charge rate). Assumes a 100 percent plant load factor.

Operating cost for the BOM-Pressurized system is based
on a cost of 4.3E+06 dollars/yr for a 150 ton/hr plant
(8760 hr/yr) (8010). For a 1.00El2 Btu input and coal

" heating value of 12,050, 13,800, and 9,226 Btu/lb for

the Central, Northern Appalachia, and Northwestern coal
the annual operating costs are 1.35, 1.19, and 1.78E05
dollars: respectively. Coal cost not included. -

"Operating cost for the BOM-Atmospheric system is 1.85E+

06 dollars/yr for a 150 ton/hour plant (8760 hr/yr)

- (8010). As in footnote 8097 operating cost are 5.77,

5.05, and 7.58E04 for the Central, North Appalachla, and
Northwest coals respectlvely. :
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8099

8100

8101

8102

8099-8102

'Operatlng cost  for the.Lurgi Fuel Gas Productlon system
is based on 19.4. percent of the total plant input (8012).

For a feed for gas production of 207.8 tons/hour (8760
hr/yr) of Northwestern coal, operatlng costs are 4.83E06
$/yr. On a 1.00El2. Btu input. operating costs are 1. 44E05
dollars.  Coal cost not included. ‘

NO,, emissions for a combinedncycle will primarily

- come from the.gas fired turbine. From 8028 ,10), a

dry turbine. system.will ‘emit 150 ppm. (vol): when -

fired at 2000F using natural gas. From tests performed
low-Btu gas; will emit only 15 ppm {(vol) .8028 ,11).
Based on this, how.much is emitted depends. upon.the
amount of flue gas produced. The amount of gas

‘produced by process and coal.type is, as follows -

BOM Press.-— Northwest 3. 36E10 scf/l 00E12 Btu

BOM- Press. - North. Appl. 1.06E10 scf/1.00+12 Btu
BOM Press. - Central 3.19E10 scf/1.00El1l2 Btu
Koppers-Totzek. - Northwest 1.61E10 scf/1.00E12 Btu.
Koppers-Totzek - North. Appl. 2.27E10.scf/1.00E12 Btu
Koppers-Totzek - Central 2z 79E10;5cf/l.00E12;Btu

From the above, the em1551ons are as follows -

BOM Press. - Northwest 3.24E01'ton
BOM Press. - North. Appl. 1.03E01 ton
BOM Press. - Central ~© 3.94E01 ton
K~T - = Northwest 1.59E01 ton
K-T - North. Appl. 1.96E0]1 ton
K-T - Central 2.37E01 ton

Effluent from the Lurgi process will be nill. All
water will be recycled where applicable and the rest
will go to evaporation ponds (8031).

Sources of air emission from the Koppers-Totzek
conversion process, using Northwestern coal, are

the coal fired thermal dryer.and the Claus plant.

In thermal. drying, 1.31E03 ton is consumed in drying,
see footnote 8000. The emissions are as follows ,
{see footnote B8053): 5.42E00- ton particulate, 5.15 ton
of NOx, 4.28E-01 ton of SOy, 5.50 ton of hydrocarbon,
and 3.71E00 ton of CO.
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8103 -
- - 25.0 ppm (see footnote 8003). The BOM Atmospheric

8104

8105 .-

8106

8107

FIN. 8103-8107

Air emission from the Clais plant depends upon the .
amount of sulfur in the gas feed to the plant. 1.0

1b of Northwestern coal will produce 4.80E-02 1lb of
HyS. Of this 90.0 percent is removed in the Rectisol
unit yielding a feed of 4.32E-02 1lb to the Claus. The
Claus with Stretford tail gas clean up will vent
4.32-04 ton SO0, /ton of coal fed to gasifier.4.30E04
ton of coal/l.00E12 Btu is fed to ga91f1er, therefore
SOy = 1.76E01 ton.

Assuming that a low témperature boiler is used, NOy =

Process using, Central, Northern Appalachia, and

 Northwestern coal will produce 4.44 1bh/1b coal, 4.96°

1b/1b coal and 4.08 1b/lb respectively. These gases
have a heating value of 8.97E03 Btu, 8.96E03 Btu, and
6.04E03 Btu. Inputing 1.00+12 Btu cf these.gases ‘to
the boiler, will produce NOy emissions as follows:

"Central . Northern Appaiachia. Northwestern
5.69E00 ton 6.36E00 ton 7.76E00 ton,

Air'pollutants'for the National Average low Btu coal

gasification activity are the arithmetic average

of the process utilizing a Central, Northern
Appalachia, and Northwest .coal. For calculations see
1nd1v1dual process and footnote. o -

Air pollutants from the electr1cal generation act1v1ty;
using low Btu fuel gas are the arithmetic average of
the process utilizing a Central, Northern Appalachian,
and Northwest coal. For calculations see individual
regional coals. C

Land impact  for low Btu gasification and electrical
generation is the arithemetic mean of the individual
processes utilizing Central, Northern Appalachian,
and Northwest coal. For calculations see individual
coal regions. :

Solld waste for coal ga51f1cat10n is the arlthmetlc
mean of the individual processes utilizing Central,
Northern Appalachian, and Northwest coals. For
calculatlons see individual coal regions.
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Ancrllary energy; for therlow.Btu. gaslflcatlon processes

is-the arithemetic mean: of: the processes: utilizing.
Central, Northern Appalachian, .and Central coals. For

,vCalqulationsiseewindividualxregionSa

Priﬂary efficiency¢forrthewlOWMBtu:gasificafion4

" processes..is. the:arithemetic mean. of the processes :

utilizing Central;, Northern Appalachian, and
Northwesternqcoads .For calculations:.see individual-
regrons.. : :

Cost for. the gas;flcatlon .and.electrical. generatlon
act1v1t1es is.the arithémetic mean. of the. processes
utilizing: Centralsy Northern Appalachian, and Northwest

coals. For calculatlons see.individual regions...

‘Soxjem1551ons »from:the. Koppers*Totzek ‘electrical.

generatlon process utilizing Northwest: coal:occurs:
in the boiler step. Assumlng complete combustion -

of- the. HjS.and COS entering the. system: 10 percent x
2.59E+02 =. 2.59E+0L tons -of S0y, is. emltted -See.

footnote 8053

.Fromnfootnotes¢290%handg390&Jtheﬁtotaljannualized:v

capital cost. for -a controlled:.gas:fired.power plant
is 2.35E05 $/1.0El2.Btu.in.. This:is.for a.60P load

factor. For-a.l00P: load. factor the:annualized capital.
investment is 1.41E05.$/1.0E12.Btu-in. - This.cost does .

not: include the:cost .of. the.equlpment to-produce the
1owﬁBtu fuel gas.- .
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Iv. HIGH BTU GASIFICATION OF COAL

A. Introduction

The environmental impacts, efficiencies, and costs
associated with the production of high Btu (greater than
900 Btu/SCF) synthetic natural gas from coal are given in
Table 2 of this report. Each data entry is based on an energy
input of coal equivalent to 10l12Btu/yr. The specific coal
utilized and its energy equivalent is contained in the first
footnote for-each of the regional and national cases. All
table entries have been derived for a "controlled" environmen-
tal condition. The nature and magnitude of coal gasification

‘operations is such that stringent environmental control must
- be practiced. ‘ : '

The sik processés which comprise thejHigh Btu
Gasification Activity are: '

1. Lurgi Prbcéss

2. Hygas-Electrothermal Pfocess

3.-Hygas¥Steam7Oxygen Process

4, Bigas:Process -

5. Synthane Prqdééé~

‘6.'C02 Accepﬁor,Process B ‘

Alsc inciuded is a Typical New Process which represents

conceptually a combination of the best features of the "new
generation” processes. -~ Hygas, Bigas, and Synthane. The CO

‘Acceptor Process was not included in this averagerssince its

process operation is quite different from the rest.

Impacts were developed for three regional coals, with a
National Average case synthesized from the regional data. The

Lurgi Process is limited to weakly caking bituminous coals and

was, therefore,not eonsidered in the Northern Appalachia region’
where many of the coals exhibit strong caking properties. The
CO, Acceptor Process, on the other hand, operates primarily on
a lignite coal and was, therefore, only considered in the
Northwest region with a lignite feed. A principal advantage of

‘the "nhew generation" processes is their ability to handle the:

range of coals from bituminous to lignite. All of the cost data
shown in Table 2 is based on a 90 percent plant load factor, or

- 328 operating days/yr. The values presented in this table are

based on data accumulated during the Fall of 1973.

.
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The following - is a brief descrlptlon of the 1nd1v1dua1
processes:

l. Lurgi Process

Y

> - The Lurgi Process (Flgure 14) utilizes a hlgh pressure (300-.
»500 PSIG), fixed-bed, nonslagging, steam-oxygen gasifier to '
produce a synthesis gas stream from coal. The coal enters

‘through a lock-hopper system-at the top ' of the gasifier,
reacts with the steam and oxygen as it moves downward on a .
revolving grate and leaves,. as .ash for disposal through the - -
ash lock hoppers. The synthesrs gas stream leaves the
gasifier at a temperature of 1100°F and is subsequently cooled
and scrubbed of tars and oils. The gas stream composition is :
then adjusted in the shift conversion step, scrubbed of its.
acidic gases (€O,  and Hy S), -and ‘methanated. The Lurgi Process
is ‘currently the only commercially available SNG.system.

2. . Hygas—Electrothermal Process

The Hygas ‘Process {(Figure 15) features hydroga51f1catlon in two
countercurrent, stages for the production of synthesis gas from

coal. The coal is pretreated (if required), slurried with an-
aromatic oil and pressurized (1000 PSIG) for introduction
into the gasification reactor. As the coal enters the reactor,
the slurry oil is vaporized and the coal falls through a
low-temperature reaction zone where methane is produced
primarily from the coal volatile matter. Ther devolatized coal
then passes into the high-temperature zone where it is
hydrogasified by reaction with hydrogen. and .steam ‘to form
additional methane. The remaining coal or char containing
significant amounts of unreacted carbon is used to. generate the
hydrogen-rich gas required in the hydrogasification.process.
In the Electrothermal Process, the char is reacted with steam
to produce this hydrogen-rich gas with. electric resistance
heating. supplylng the energy needed to .sustain: the reactions.
The residual char is then used in plant boilers for the
production of steam and electr1c1ty. The hot. synthe81s gas _ _
leaving the hydrogasifier is cooled, its 'composition’adjusted, “
and scrubbed free -of acidic gases. The gas. is then methanated
to produce plpellne guality gas. The Hygas Process. is currently °
the most advanced of the "new generation" processes with a - ‘ S
successful pilot plant in operation since the end of 1972.

-IV-2

- . . . . |



VO ‘INIT3dId J1LIHINAS =—

‘ (OL€8 *#34) uoi3edLyisey |
Leo) n3g ybiy 40 ssadodd L6uny  “p| Bunbiy

NOILVH¥GAH3AQ
w . N

NOISS3HJINOD
SV9 1ONA0Hd

INIAOL 0D

AY3IN0DIH 0L S°%H

8
NOLLYDIJINN
‘SV9

Emmw.m..mm_

_.,

SISIHLNAS

. BNVHL3W

'S710 8 UYL e—o

ONIN00D
- SV9

Wv3ls

NOISH3ANOD
14IHS

SV9 30nNYD

HSVY

Y3ddOH

feleni
Imqﬁ
“NIGAXO L
SY313ISV9 “TWV3lS

43ddOH
%o01

0o



' Ep IS N I BN S B B B B B BN BN BN B B =N .
: LS * . X N .

(goeg - 3ay) ‘uoL3eIL4LSRY |RO0)
nig ybLH 40.'55930.4 FmELm;uoguum—m mmma: "Gl @4anbL4

INIWLY3INL Eu%woux

| . =34d 0L . 2 , : : SV9
AMIA03Y SVOLMINL - S . 3INN3did
: 9 n:z ~ HowW Noo . o o

| | sazmawwmo| |, w M. |
n ol T T ummnel | ONIANa | : :
mn:z.wm | e m%hmms FoLoe b wasss [oroamen
- ToNvHLI * |NOLLYNVHLIW | 3 | dnpiyw [ IR0
J_ . o : ~ w s : m<Iow
g | - ANVId 4IMOd S L |
¥3MOd | - ,

_zJFm %_E%pj.___m%ﬂm, SMIT  anasuvko © | Taw MM%.._

Ivm‘4

H31vM INIWLV3HL]

I.Il' -34d -

SV9
zu_m N:

llzo.mmu>28 | HON3ND. . — | |
- 1JIHS |, - SY9 MV  H31JISYOOUAAH [ o . ._.<8

‘ {y31disveortoT 3 eas | Loa L— q

. SV9 Mvy



N

m

R

I3

3. Hygas-Steam Oxygen Process

This process differs from the Hygas~Electrothermal
Process only in the manner in which the hydrogen-rich gas is
generated for the hydrogasifier section (see Figure }16). In
the Steam Oxygen Process the char is fluidized in an oxygen-
steam mixture and the heat required for the steam-char reaction
is supplied by partial combustion of the char. The residual char
is then used as boiler fuel. ' o :

4, . Bigas Process

The Bigas Process (Figure 17) utilizes a two-stage, super-=
pressure (1000-1500 PSI), entrained bed, oxygen blown gasifier for the
gasification of coal. The coal is pulverized and fed into the :
top section of the two-stage gasifier where it is contacted
by a rising steam of hot synthesis gas produced in the lower
section. The coal is partially converted into a gaseous mixture
in this section and is entrained in the gas stream and removed
from the gasifier. The gas and char are separted and the char.
returned to the lower, stage 1, section of the gasifier. 'Hgne
the char is completely gasified under slagging conditions with
oxygen and steam to produce the synthesis gas stream for stage

" two.The product gas is subsequently upgraded to pipeline

quality gas. S

5. Synthane Process

In this process prétreatment of caking coals and gasifica-

‘tion are accomplished in one reactor (see Figure 18). The coal is fed

into the gasifier through lock hoppers and reacted with steam
and oxygen under pressure (40-70 ATM) in a two zone flu1§1zed-
bed system. ‘A char residue is discharged from the.gasiflgr
and subsequently used as boiler fuel. The synthesis gas 18

.adjusted, cleaned, arid methanated to produge pipeline guality

gas. - -
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6. Cbz Acceptor Process

The CO2 Acceptor Process (Figure 19) operates only on

lignite and subbituminous coals and emplovs a unique circulating
system of dolomite to provide process heat and synthesis

gas cleanup. .Dried lignite enters the devolatilizer

'.together_with.calcined dolomite from the regenerator, steam,

and hydrogen-rich gas from the gasifier. The lignite is
devolatilized and methane produced from the volatile matter
with heat of reaction supplied by the CaO + coz reaction.

The raw gas stream 1eav1ng the devolatilizer is upgraded to
SNG. The lignite char is transferred to the gasifier along
with dolomite to complete ‘the gasification operation. The
remaining lignite char is then transferred to the dolomite
regenerator andiused as fuel for calcining the spent ‘dolomite
from the devolatlllzer and gasifier. _
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TABLE 2. ENVIRONMENTAL IMPACTS, EFFICIENGY AND

€OST FOR ENVIRONMENTALLY CONTROLLED NATIONAL
AND REGIONAL HIGH BTU COAL.GASIFICATION
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- .8301

8302.

8303

‘8304

8305

8306

8307

8308

FTN. 2091-8308

FOQTNOTES. FOR TABLE‘2

Fire and/or explbslons'caused by gas leaks, oil leaks,
act of God, or human error. Possible damage to refinery,

B personnel, ad]acent propertles.

Capital and operatlng costs for this process are the
arithmetic average of the capital and operating costs
for the Northern Appalachia, Central, and Northwest
reglons.

Capital and operatlng costs for thls process are the
arithmetic average of the capital and operating costs
for the Northern Appalachla, Central, and Northwest:
reglons.

Capltal and operating costs for this process are the

~arithmetic average of the capital and operating costs

for the Northern Appalachla, Central, and Northwest
reglons )

Capital and operatzng costs for this process are. the o
arithmetic average of the capital and operating costs

- for the Northern ‘Appalachia, Central, and Northwest
,reglons.

'Capltal and 'op'erating costs for this process are the

arithmetic average of the National Average capital
and operating costs for the Hygas-Electrothermal,
Hygas-Steam Oxygen, Bigas, and Synthane processes.

Capital and operating costs for this process are the
arithmetic average of the capital and operating costs
for the Central and Northwest regions.

Capital and operating costs for this process are
identical to the capital and operatlng costs for thevb
Northwest region.

The primary efficiency and ancillary energy for this
process are the arithmetic average of the primary
efficiency and ancillary energy for the Central and
Northwest regions..

Air pollutants for this process are the arithmetic

average of the air pollutants for the Central and
Northwest reglons.
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FTN.

8309

8310

8311

8312

8313

8314
8315
83lé

8317

8318

8319

8309-8319’

Solid:waste for this process.is the arithmetic averége
of the solid waste produced in the Central and
Northwest regieons

Land utilized by this process is the -arithmetic average

.0f the land used in the/ Central and Northwest regions.

Water pollutants for this process'are the arithmetic
average of ‘the' water pollutants for the Central and
Northwest regions. :

Thermal .discharges canibé completely eliminated by the
use of mechanical draft wet cooling towers.

The primary. efﬁ;c1ency and ancillary energy for this
process. are' the arithmetic average of the primary
efficiency’ and ancillaty energy for the: Northern
Appalachia; Central, and NorthWest regions.

Air .pollutants for this .process are the arithmetic
average of the -air pollutants for the Northern
Appaiachia;:CentralrﬁandLNorthWegt'reéicnsu

Solid: waste for this process is. the: arithmetic
avérage of the solid waste produced in the. Northern
Appalachia, Central, and Northwest regions.

Land utilized by this procesé is-thewarithmetic

. average of the land used in the Northern Appalachia,

Central, .and Northwest regions.

The primary efficiency and ancillary"energy for this
process -are the arithmetic average of the primary
efficiency and ancillary energy for the Northern
Appalachla, Central -and “Northwest regions.

Air pollutants for thlS process are' the arlthmetlc
average of the air pollutants.for the Northern
Appalachia, Central, and Northwest regions.

Solid waste for thisiprocessrisathexarithmetic

average of the solid waste produced in the Northern
Appalachia, Central, and Northwest regions.
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8320

8321

8322
8323

8324

8325

" 8326
8327
8328 -

8329

‘PTN. 8320-8329

_ | N
Land utilized by this process is the arithmetic
average of the land used in the Northern Appalachia,
Central, and Northwest regions.

The primary efficiency and ancillary energy for this
process are the arithmetic average of the primary
efficiency and ancillary energy for the Northern

. Appalachia, Central, and. Northwest regiomns.

Air pollutants for this process are the arithmetic:

average of the air pollutants. for the Northern

"vAppalachla, Central, and Northwest regions.

Solid waste for thls process 1s the arithmetic
average of the solid waste produced in the Northern

. Appalachla, Central, and Northwest reglons.

Land utilized by this process is the arlthmetic
average of the land used in the Northern Appalachia,
Central and Northwest reglons.

The prlmary eff1c1ency ‘and anclllary energy for this .
process are the arithmetic average of the primary .
efficiency and ancillary energy for the Northern
Appalachia, Central, and Northwest regions.

Air pollutants for this process are the arlthmetlc

average of the air pollutants for the Northern
Appalachia, Central, and Northwest regions.

Solid waste for this process is the arithmetic average
of the solid waste produced in the Northern

~ Appalachia, Central, and Northwest reglons.’-

Land utilized by thls process is the arlthmetlc
average of the land used in the Northern Appalachla,
Central, and Northwest reglons.

Primary efficiency and ancillary energy for this
process are the arithmetic average of the National
Average primary efficiencies and ancillary energies
for the Hygas-Electrothermal, Hygas-Steam Oxygen,
Blgas, and Synthane processes.
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FTN.

8330

8331

8332

8333

8334
8335
8336

8337

8338

8350

8330-8350

Air pollutants for this process are the arithmetic

.average of ‘the National Average air pollutants for

the Hygas-Electrothermal, Hygas-Steam. Oxygen, Bigas,
and Synthane processes.

Solid waste for this process is,the.arithmetic.average
of the solid wastes produced in:the National Average
case for the Hygas-Electrothermal, Hygas-Steam Oxygen,
Bigas, and Synthane processes. :

Land utilized byvthisAprodéss is' 'the arithmetic average
of the: land used in the National Average case by the
Hygas~Electrothermal, Hygas —-Steam Oxygen," Blgas, and.
Synthane processes. . .

Water pollutants for this process .are-the arithmetic
average of the water pollutants for the Typical New
Process in. the Northern: Appalachia, Central, .and
Northwest .regions.

.The prlmary -efficiency and. anc1llary enerqgy. . for thls

process are the same .as those for the Northwest region.

Air pollutants-for this process.are the same-as- those
for the Northwest region.

Solid waste for this process. is the same .as that for

- the Northwest region.

Land utilized bv this :process is- the.:same as that
used in the Northwest region.

WaterlpdllutantSafor this proéess:aremthe“same as
those for the Northwest region. :

The Northwest coal used in: this:analysis has the
following composition on a run-of-mine basis:

Proximate Analysis—Wt.\Pc..Ultimate»Analysis—Wt.'Pc.

. Ash 6.0 C 52.8
H20 22.0 © Hp o 3.6
Vol.Mat. 29.4 - Ng- 0.7
Fixed C. 42.6 02 14.4

s . 0.5
Btu/lb 8806 -Ash 6.0
Sul fur 0.5 Hp0 - .22.0

For this coal 57000 -ton is equiwalent  to.1l.0E12 Btu.
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 FIN. 8351-8352

From (8300 and footnote 8350) for 253.3E09 Btu/D
SNG, coal costs, based on $.15/1.0E06 Btu coal, are
$.263/1.0E06 Btu gas. Thus 444.1E09 Btu coal/D is
required to produce 253.3E09 Btu gas/D. The primary
eff1c1encyf taken as Btu of gas output/Btu of coal
input, is therefore .570. From (8300), this size SNG
plant also produces 4.84E04 GPD of light oils
(primarily B-T-X) and 2.34E10 Btu/D of tars. If
these fuels are considered, then the overall plant
efficiency becomeés .635. The ancillary energy is
zero because the plant is self-sustaining with all
power and steam requirements geherated on-site. '

The pr1n01pal quantlflable a1r pollutant sources are
as follows~ ;
TPD

" Part. Cco HC NOg, Other

. Fuels Combustion . - 4,58  2.36 2.46 .738 44.3 .0123
Sulfur Recovery Plant - S .0.80 ' ]
Storage and Misc. : s .001 .139

‘Euels Combustion

‘Based on élant heat requirements similar to that in

(8300), and the use of coal to supply the same
proportionate share of this heat demand plus that due
to the waste offgases from coal pretreatment (since
pretreatment of western non-caking coals is not
required), 1938 TPD of coal (6.0 percent ash, .51
pereent S) are used for fuel, with the balance, 84E03
Btu/D, supplied by the combustlon of gasifier char
(30.3 percent ash,.3 percent S). These heating rates
were converted to equivalent TPD of "bituminous coal
and used.with (8301,1.1-3) to determine TPD of air

emissions. Particulates were reduced 99.5 percent by
‘the use of an electrostatic precipitator and a Wellman

Lord wet scrub, while SO, emissions were reduced 95

- percent by the Wellman Lord unit.
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FTN.

8352 (Cont)

Sulfur Recovery Plant .

Based on the use of the Rectisol acid gas removal
system for the selective removal of H3S and COp
from the synthesis gas stream, a concentrated (25
pexcent) H,;S gas stream can be sent to the Claus
plant for recovery. From (2022,103) a three stage
Claus plant operating on a 25 percent HS feed can

‘recover 94 percent of the 1ncom1ng S as elemental S.

The incoming S for recovery is based on 23,279 TPD coal
to the gasifier (footnote 8351, less the above 1938 TPD
ccal as fuel), .51 percent S in the coal, and 80

percent of the S to the gasifier as H2S to Claus for
recovery {(the balance of the S is in the char). Based,
furthermore, on complete recycle to the Claus plant of
all the 8037 recovered in the Wellman Lord scrubbing units
on the boiler flue gases and Claus tailgases, 124.5

TPD S is the Claus feed. Thus 117.0 TPD of S are recover-
ed or 264 ton S/1.0El12 Btu. 7.5 TPD of S passes to the
Wellman Lord tailgas scrubbing unit, so that .4 TPD S

or 0.8 TPD SO7 passes out to the atmosphere from the

;Claus and tallgas treatment system. 

utorage and MlSC.

From (8300) 4.84E04 GPD of light oils (B-T-X) are

produced. Assuming two weeks storage capacity under

new tank-conditions and emission factors from (8302,
4,.3-8), .001 TPD HC are emitted. Based on 23,279 TPD
coal to the gasifier, .007 ton Np/ton coal, and 70
percent of the N3 in the feed cocal as NH3 (8303 X-7),
139 TPD of NH3 are produced in the gasifier. All of the

" ° NH3 is washed from the gas synthesis stream and appears

in the waste water. This waste water stream passes to an
ammonia still with both a free and a fixed leg so that
essentially all of the NH3 is. recovered for sale.

From (8301,5.2-2) controlled storage -and leoading
operations emit two lb of NH3/ton NH3. Thué ;139 TPD NHj
are released to the atmosphere.
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8353

8354

8355

FTN. 8353-8355

It should be noted that other sources of air pollution
will be present in any commercial coal gasification
operation, although their guantification is not
possible at present. These sources include,but are not
limited to, coal and other solids preparation and

and transfer operations, vent stacks for waste gas
disposal, pipeline valves and flanges, and pump and
compressor seals. The magnitude cf these air pollutants.,
however, should not be that large if the sources are

- properly controlled. :

FBaSed'on 25,217 TPD coal with 6.0 percent ash, 1513

TPD ash are produced. Since 4.6 TPD is released to
the atmosphere as particulate, 1508.4 TPD remains as
solid waste for disposal. Based on 5500 GPM net
makeup H,0 (8300) and an assumed 500 PPM suspended
solids which is ccmpletely removed by lime treatment
and clarification, an additional 16.5 TPD of solid
waste is generated. From (8304) an ammonia still is
estimated td produce 115 ton/D of still waste. It is
assumed that all bic-treating sludges are used as
boiler fuel. The sum total solid waste produced is’
thus 1639.4 TPD (or 3705 ton/l1.0El2 Btu).

' Land requirements are assumed to be 350 acres from (9401,7)

for coal storage, preparation, and gasification plant
facilities, and ‘an additional 165 acres for evaporation
ponds (8306) to handle the following TDS streams - H20
softener and demineralizer blowdowns, boiler and cooling

tower blowdowns, and H50 from ash quenching and trans-

fer operations which might contain leachates. Since
High Btu Coal Gasification is assumed to be a mine- - -
mouth activity, all solid waste produced is returned to
the mine for burial. There is, therefore, no incre-
mental land impact. due to solid waste production.
Thus a total of 515 acres is required for a 25,217
TPD coal gasification operation. With a 90 percent
operating factor this is equivalent to 3.54 acre-yr/
1.0E12 Btu. - However, a larger land impact would be
produced if solid wastes were not returned to the
mine for burial. (See footnote 8353 for solid waste).

Water pollutants are zero because there is no agueous
discharge from the boundaries of the plant operation.
All process waste water and impounded runoff is treated
and used for cooling tower makeup, while all blowdown
streams are collected and sent to lined evaporative

ponds for disposal.
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* FTN. 8356-8357

8356

8357

From (8300) and footnote 8350, for 247.2E09 Btu/D SNG,
coal-cost, based on $.15/1.0E06 Btu coal, is $.255/
1.0E06 Btu gas. Thus 420.2E09 Btu coal/D is required
to produce 247.2E09 Btu gas/D. The primary efficiency,
taken as Btu of gas output/Btu of cocal input, is
therefore .588. From (8300} this size SNG plant also
produces 4.56E04 GPD of light oils (primarily B-T-X)
and 2.30E10 Btu/D of tars. If these fuels are
considered, then the overall plant efficiency becomes
.655. The ancillary energy is zero because the plant
is self-sustaining with all power and steam require-
ments generated on-site. ' -

The principal quantifiable air pollutant sources are
as follows: '

TPD

Part. SOy CO HC NOx Other

Fuels Combustionv 2.39 1.87 1.59 .480 28.6 .00797" -

Sulfur Recovery Plant 0.60
Storage and Misc.

.00l .123
Fuels Combustion |

Based on plant heat requirements similar to that in
(8300}, and the use of coal to supply the same
proportionate share of this heat demand plus that due

to the waste offgases from coal pretreatment (since
pretreatment of western non-caking coals is not
required), 3157 TPD of ccal (6.0 percent ash, .51
percent S) are used for fuel, with the balance, 20.9E09
Btu/D, supplied by the combustion of gasifier char

{(52.6 percent ash, .9 percent S). These heating rates
were converted to equivalent TPD of bituminous coal and.
used with (8301,1.1-3) to determine TPD of air emissions.
Particulates were reduced 99.5 percent by the use of an
electrostatic precipitator and a Wellman Lord wet scrub,
while SO., emissions were reduced 95 percent by the
Wellmmn Iord unit.
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FTN. 8357 (Cont)

Sulfur Recovery Plant

' Based on the use of the Rectisol acid gas removal

system for the selective removal of H;S and CO, from
the synthesis gas stream, a concentrated (25 percent)
HyS gas stream can be sent tc the Claus plant for .
recovery. From (2022,103) a three stage Claus plant -
operating on. a 25 percent H,8 feed can recover 94
percent of the. 1ncom1ng S as elemental S. The incoming
S for recovery is based on 20,704 TPD coal to the
gasifier (footnote 8356, less the above 3157 TPD

coal as fuel), .51 percent S in the coal, and 80
percent of the S to the gasifier as HyS to Claus for
recovery (the balance of the S is in the char). Based,
furthermore, on complete recycle to the Claus plant of
all the SO; recovered in the Wellman Lord scrubbing
units on thé boiler flue gases and Claus tallgases,

109.0 TPD S is the Claus feed. Thus 102.5 TPD of S.are

recovered or 245 ton S/1.0E12 Btu. 6.5 TPD S passes to
the Wellman Lord tailgas scrubbing unit, so that .3

.TPD S or 0.6 TPD SO; passes out to the atmosphere from

the Claus and tailgas treatment system.
StOrage and Misc.

From (8300) 4.56E04 GPD of light oils (B-T-X) are
produced. Assuming 2 weeks storage capacity under new
tank conditions and emission factors from. (8302,4.3-8),
.001 TPD HC are emitted. Based on 20,704 TPD coal to
the gasifier; .007 ton N,/ton coal, and 70 percent of
the N, in the feed coal as NH3 (8303,X-7), 123 TPD of
NH3 are produced in the gasifier. All of the NH is
washed from the-gas synthesis stream and appears in the

' .waste water. This waste water stream passes. tO an

ammonia still with both a free and a fixed leg so that
substantially all of the NH, is recovered for sale.
From (8301,5.2-2) controlleg storage and loading
operations emit 2 1lb of NH 3/ton NH3. Thus .123 TPD

NH3 are released to the atmosphere. :
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FTN. 8358-8360:

8358

8359

8360

It should be noted that other sources of air pollution
will be present in any commercial coal ga51ficatlon
operation, although their quantification is not possible
at present. These sources include, but are not limited
to, coal and other solids preparation and transfer
operations, vent stacks for waste gas disposal,

pipeline valves and flanges, and.pump and compressor
seals. The magnitude of these air pollutants, however,
should not be that large if the sources are properly
controlled.

Based on 23,861 TPD coal with 6.0 percent ash, 1431.7

TPD ash are produced. Since 2.4 TPD is released to

the atmosphere as particulate, 1429.3 TPD remains as

SOlld waste for disposal. Based on 5300 GPM net makeup
o) {8300) and an assumed 500 PPM suspended solids

Wﬁlch is completely removed by lime treatment-and

clarification, an additional 15.9 TPD of solid waste

- is generated. From (8304) an ammonia still is estimated

to produce 115 ton/D of still waste. It is assumed that
all bio-treating sludges are used as boiler fuel. The
sum total solid waste produced is thus 1559 7 TPD or
3725 ton/l 0El12 Btu. .

Land requlrements are assumed. to be 350 acres from (9401, 7)

for coal storage, preparation, and gasification Plant
facilities, and an additional 165 acres for evapora- ‘
tion ponds: (8306) to handle the following TDS streams -
Hy0 softener and demineralizer blowdowns, boiler and
cooling tower blowdowns, and H20 from ash quenching

and transfer operation which might contain leachates.
Since High Btu Coal Gasification is assumed to be a

mine-mouth activity, all solid waste produced is returned

to the mine for burial. There is, therefore, no in-
cremental land impact due to solid waste production.
Thus a total of 515 acres is required for a 23,861

TPD coal gasification operation. With a 90 percent
operating factor this is equivalent to 3.75 acre-yr/
1.0E12 Btu. However, a larger land impact would be
produced if solid wastes were not returned to the mine
for burial. (See footnote 8358 for solid waste.)

Water pollutants are zero because there is no aqueous
discharge from the boundaries of the plant operation.
All process waste water and impounded runoff is treated
and used for cooling tower makeup, while.all blowdown
streams are collected and sent to lined evaporative
ponds for disposal.
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FTN. 8361-8362

8361 - From (8300 and footnote 8350) for 231.8E09 Btu/D
8NG, coal cost, based on $.15/1.0E06 Btu/coal, is
$.257/1.0E06 Btu. gas. Thus- 397.2E09 Btu coal/D is
required to produce 231.8E09 Btu gas/D. The
primary efficiency, taken as Btu of gas output/Btu
of coal input, is therefore .584. From (8300) this
size SNG plant also produces B.5E09 Btu/D of heavy
oils, and from (8307,6) 25,000 GPD of B-T-X can be
expected. If these fuels are considered, then the
overall plant efficiency becomes .612. The ancillary
energy i§ Zaro because the plant is self-sustaining:
with all power and steam requirements gemerated on~site.

K

* 8362 The principal quantifiable air pbllutantgsourcés are
as follows: _ ‘ ‘
TPD

| | Part. 'S0, CO HC Nu, Other

'Fuels Combustion . 5.15 1.61 2.52 .757 45.4 = .0127

Sulfur Recovery Plant 2.20 o

Storage and Misc, .127

Fuels Combustion

Based on plant heat requirements similar to that in
(8300), and the use of coal to supply the same
proportionate share of this heat demand, 1170 TPD of
coal (6.0 percent ash, .51 percent S) are used for
fuel, with the balance, 100E09 Btu/D, supplied by the
~combustion of gasifier char (29.5 percent ash, .3
percent- S). These heating rates were converted to
equivalent TPD of bituminous coal and used with
(8301,1.1-3) to determine TPD of air emissions.
Particulates were reduced 99.5 percent by the use of
an electrostatic precipitator and a Wellman Lord wet
" scrub, while SO, emissions were reduced 95 percent by
the Wellman Lord unit. ‘ '
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FTN. 8362 (Cont)'.

i

sulfur Recovery Plant

Based on the use of the Hot Carbonate acid gas

removal system for the nonselective removal of Hp,S and
CO, from the synthesis gas stream, a dilute (5 percent)
_H2§ gas ;stream is sent to the Claus plant for recovery.
From (8303,AI-25) a Claus plant operating on this
dilute feed.can recover 84 percent of the incoming S as
elemental S. The incoming S for recovery is based on
21,380 TPD coal to the gasifier (footnote 8361, less
the above 1170 TPD coal as fuel), .51 percent S in the
coal, and 90 percent of the S in the gasifier as H2S

to Claus  for recovery (the balance of the S is in the
char). Based, furthermore, on complete recycle to the
Claus plant of all the 803 recovered in the ¥Wellman
Lord scrubbing units on the boiler flue gases and €laus
tailgases, 133.6 TPD S is the Claus feed. Thus 112.2
TPD of S are recovered or 283 ton S/1.0E12 Btu. 21.4
TPD S passes to the Wellman lord tailgas scrubbing
unit, so that 1.1 TPD S or 2,2 TPD SO3 passes out to the
atmosphere from the Claus and tailgas treatment system.

Storage and Misc.

Based on 21,380 TPD ccal to the gasifier, .007 ton N3/
ton coal, ‘and 70 percent of the N2 in the feed coal as
NH3 (8303,X-7), 127 TPD of NH3 are produced in the
gasifier. ‘All of the NH3 is washed from the gas -
synthesis stream and appears in the waste water. This
waste water stream passes to an ammonia still with both
a’ free and. a fixed leg. so. that:substantially-all of the
NH3 is recovered for sale. From (8301,5.2-2) controlled
storage and loading operatiops emit two lb of NH3/ton
NHj. Thus .127 TPD NHj are released to the atmosphere.
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8363

8364

8365

FTN. 8363-8365

It should be noted that other sources of air pollution
will be present in any commercial coal . ga51f1catlon
operation, although their quantification is not .
possible at present. These sources include, but are not
limited to, coal and other solids preparation and
transfer operations, vent stacks for waste gas

disposal, pipeline valves and flanges, and pump and
compressor seals. The magnitude of these air pollutants,
however, should not be that large if the sources are
properly controlled : s

Based on 22, 550 TPD coal w1th 6.0 percent ash, 1353

TPD ash are produced Since 5.2 TPD is released to the
atmcsphere: as ‘particulate, 1347.8 TPD remains as solid
waste for disposal. Based: on 17700 GPM net makeup Hy0
(8360) and an assumed 500 PPM suspended solids whlch is
completely removed by lime treatment and -
clarification, an additional 53.2 TPD of solid waste is

-generated. From (8304) an ammonia still is estimated

to produce 115 ton/D of still waste. It is assumed that
all bio-treating sludges are used as boiler £uel. The
sum total sclid waste produced is thus 1515.5 TPD or

3831 ton/l. 0E12 Btu.

Land requlrements are assumed to be 350 acres from (9401 7)
for coal storage, preparation, and gasification plant -

" facilities, and an additional 165 acres for evapora-’

tion ponds (8306) to handle the following TDS streams -
H20 softerer and demineralizer blowdowns, boiler and
cooling tower blowdowns, and H20 from ash quenching

and transfer operations which mlght .contain leachates. -
Since High Btu Coal Gasification is assumed to be a
mine-mouth activity, all solid waste produced is returned
to the mine for burial. There is, therefore, no incre-
mental land impact due to solid waste production. Thus

a total of 515 acres is required for a 22,550 TPD coal
gasification operation. With a 90 percent operating

factor this is equivalent to 3.96 acre-yr/1.0E12 Btu.
‘However, a larger land impact would be produced if solid
wastes were not returned to the mine for' burlal. (See
footnote 8363 for SOlld waste. ) o : :

Water pollutants are zero because there is no agueous
discharge from the boundaries of the plant operatlon.

‘All process waste water and impounded runoff is treated.

and used for cooling tower makeup, while all’ blowdown
streams are collected and sent to lined evaporatlve
ponds for disposal. S .
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- 8366

8367

8366-8367 .

From (8300 and footnote 8350). for 236.1E09 BtufD SNG,
‘coal icost, based on $.15/1.0E06 Btu coal, is $.22/
1.0E06 Btu gas. Thus 346.3E039 Btu coal/D is required
to produce 236.1E09 Btu gas/D. The primary eff1c1ency,
taken as Btu of gas output/Btu of coal input, is
therefore .682. No light or heavy oils are reported

as byproducts for this process. ‘The ancillary energy
is zero because the plant is self-Sustaining with all
power and steam requlrements generated on-site.

The pr1nc1pa1 quantifiable alr pollutant sources are

as follows:

i

TPD -
Part.  SQ co HC NO,, -‘Other

Fuels Combpstidn' 1.18 3.05 1.07 .320 20.1 .00534
Sulfur Recovery Plant 1.80 : I :
~ Storage and Misc. S ' .0985

Fuels Combustion

Based: on plant heat requirements similar to those in -
(8305,63), a total of 3107 TPD of coal is required
for fuel which includes 197 TPD for thermal drying

of the coal. The 2910 TPD of subbituminous coal used
as fuel in boilers is equivalent to 2135 TPD of
bituminous coal and was used in conjunction with
(8301,1.1-3) to determine boiler air emissions..

‘Particulates were then reduced 99.5 percent by the use -

of an electrostatic precipitator and a Wellman Lord wet
scrub, while S emissions were reduced 95 percent by
the Wellman Lord unit. Particulate emissions in
compliance with the New Source Performance Standards
for coal thermal dryers are limited to .03 grain/DSCF

.(1121). Based on 24000 DSCF/ton dry coal input to the

dryer:. (1121) and 12,913 TPD dry coal to the dryer and
gasifier, .664 TPD of particulates are emitted. Based
on .535 1b NO.. /1. 0E06 Btu coal fired (1121), .51

percent S coéi, and 197 TPD ccal for dryer fuel .928

“TPD NO, and 2.01 TPD 802 are also released from the

therma{ dryer.
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PIN. 8367 (Cont).

Sulfur Recovery Plant

Based on the use of the Hot Carbonate acid gas removal

- system for nonselective removal -of HyS and COp; from the
synthesis gas stream, a dilute (5 percent) HjS gas

stream is sent to the Claus plant for recovery. From
(8303,A1-25) a Claus plant operating on this dilute feed
can recover 84 percent of the incoming S as elemental S.
The incoming S for recovery is based on 16,555 TPD coal
to the gasifier (footnote B366, less the above 3107 TPD
coal as fuel), .51 percent S in the coal, and all of the
S to the ga51f1er as HyS to Claus for recovery (none in
the slag). Based, furthermore, on: complete recycle to
the Claus plant of all the SO, recovered in the Wellman
Lord scrubbing units on the boiler flue gases and

' Claus tailgases, 1l11.1TPD is the Claus feed. Thus 93. 3
TPD of S are recovered or 271 ton S/1.0E12 Btu. 17.8

TPD S passes:to the Wellman Lord tailgas scrubbing unit,

.80 that .9 TPD S or 1.8 TPD SO, passes out to the

atmosphere from‘the Claus and tailgas treatment system.

Storagevand.Mise.

'Based on 16 555 TPD coal to the ga31f1er, 007 ton N /

ton coal, and 70 percent of the Ny in the feed coal as

' NH3(8303,X-7), 98.5 TPD of NH3 are produced in the

gasifier. All of the NHj; is washed from the gas synthesxs
stream and appears in the waste water. This waste water .
stream passes to an ammonia still with both a free and

. a fixed leg so that substantially all of the NHj is
.- recovered for sale. From (8301,5.2-2) controlled storage

and loading operations emit two 1lb-of NH3/ton NHj. Thus
.0985 TPD NH; are released to the atmosphere.

It should be noted that other sources of air pollutlon
will be present in. any commercial coal ga51flcat1on
operation, although their guantification is not possible
at present.. These sources include, but are not limited
to, coal and other solids preparation and transfer
operations, vent stacks for waste gas disposal, pipeline
valves and flanges, and pump and compressor seals. The
magnitude of these air pollutants., however, should not

be that large lf the sources are properly controlled
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8368 Based on 19,662 TPD coal with 6.0.percent ash, 1179.7
TPD ash are produced. Since 1.2 TPD is released to the
atmosphere as particulate, 1178.5 TPD remains as SOlld
waste for disposal. Based on 10385 GPM net makeup Hj
(8300) and an assumed 500 PPM suspended solids which is

completely removed by lime treatment and clarification,
an additional 31.2 TPD of solid waste is generated.
From (8304) an ammonia still is estimated to produce. -
115 /ton/D of still waste., It is assumed that all
bio-treating sludges are used as boiler fuel. The

sum, total solid waste produced is thus - 1324.2 TPD or
3839 ton/1.0E12 Btu

8369 Land requirements are assumed to he 350 acres from (9401 7)
for ‘coal ‘storage, preparation, and. gasification plant

facilities, and an additional 165 acres for evapora-.
tion ponds (8306) to handle the following TDS streams -
H20 softener and demineralizer blowdowns, boiler and
cooling tower blowdowns, and H20 from ash quenching
and ‘transfer operations which mlght contain leachates.
Since High Btu Coal Gasification is.assumed to be a
mine-mouth activity, all solid waste produced is re-
turned to the mine for burial. There is, therefore; .
no incremental land impact due to solid waste produc-
© tion. Thus a total of 515 acres is required for a
19,662 TPD coal gasification operation. With a 90
percent operating factor this is equivalent to 4.54°
acre-yr/1.0E12 Btu. However, a larger land impact
would be produced if solid wastes were not returned
to the mine for bur1al (See footnote 8368 for solid
waste.) : -

8370 Water pollutants are zero because there ‘is no aqueous'
discharge from the boundaries of the plant operatlons.
All process waste water and impounded runoff is treated
and used for cooling. tower makeup, while all blowdown
streams are collected and sent to lined evaporative
ponds for disposal.

8371 From (8311,3.13) the total heat demand for a plant
producing 252E09 Btu/D of SNG is 85.1E09 Btu/D and
the TPD coal to the gasifier is 21860. This analysis
is for a Southwestern Subbituminous coal with 62.0
percent volatile matter and fixed carbon and a heating
value of 8310 Btu/lb. Based on footnote 8350 and the
assumption that the gasifier outputs are the same for
equivalent TPD of wolatile and fixed carbon input to the
gasifier (sinee these are the reactive constituents ‘in’
the coal), the NMorthwestern analysis would require:
18824 TPD coal to the gasifier. Based on the assumption
that' the total plant heat demand is relatlvely constant

v
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FTN. 8372

~for ‘the various subbituminous coal inputs, 4830 TPD

- coal is required for boiler fuel. Thus a total of

- 23654 TPD coal is required to produce 252E09 Btu/D SNG
for a primary efficiency of .605. This size plant also

. produces 41,23E09 Btu/D of tars and tar oils and 63,6EQ3

- GPD of naphtha (8311,3.13). If these fuels are considered;
then the overall plant efficiency becomes .721. The
ancillary energy is zero because the plant is self-
sustaining with all power and steam requirements
generated on-site. : ' o

8372 The principél.quantifiéble air pollutant sdurces‘are as
follows: ' o '

TPD
‘Part. SOy ' CO HC NOy Other

Fuels Combustion . .851  1.72 1.77 .532 31.9  .00886

Sulfur Recovery Plant - 0.60 o
Storage and Misc. - ' o .001 .112

.Based on air emissions factors in (8301,1.1-3,i.4-2) and

" the combustion of 3544 TPD of equivalent bituminous ccal
(4830 TPD of subbituminous coal). Particulates were '
reduced 99.5 percent by the use of an electrostatic
precipitator and a Wellman Lord wet scrub, while S50j
emissions were reduced 95 percent by the Wellman Lord

unit.
' sulfur Recovery Plant .

Based on the use of the Rectisol acid gas removal system
for the selective removal of H2S and CO2 from the syn-
thesis gas stream, a concentrated (25 percent) H3S gas
stream can be sent to the Claus plant for recovery
(8308,21), and from (2022,103) this Claus unit can re-
cover 94 percent of the incoming S. The incoming S for
recovery is based on 18824 TPD coal to the gasifier,
.51 percent S in the coal, and 98 percent of the S to
the gasifier as H2S to Claus for recovery {(the balance

- of the § is in the by-products) from (8310, sheet no.
00-1-02). Based, furthermore, on complete recycle to
Claus of all the SO recovered in the Wellman Lord
scrubbing units on the boiler flue gases and Claus
tailgases, 117.1 TPD S is the Claus feed.
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FTN.

8373

8373

Thus,:110.1 TPD S i8 recovered for sale or 265 ton S/
1.0E12 Btu. Since 7 TPD S passes to the Wellman Lord
tailgas scrubbing unlt .3.TPD S or .6 TPD SO exits

the stack.

Storage and Misc.

'From (8311,3.13) 63.6E03 GPD of light oils are produced.

Assuming two weeks storage capacity under new tank con-
ditions and emission factors from (8302,4.3-8), .00l

TPD HC are emitted. Based on 18824 TPD coal to the
gasifier and .7 percent Nj.in the coal and 70 percent of
the N; in the feed coal as NHj (8303,X-7), 112 TPD NHj
is produced in the gasifier. Substantially all of this

| NH3 is recovered in a free and fixed ammonia still.

From (8301,5.2-2) controlled storage and loading
operations emit two lb of NH3/ton NH3. Thus .112 TPD
NH3 are released into the atmosphere. '

It should be noted that other sources of air pollution
will be present in any commercial coal gasification

" operation, although their quantification is not possible

at present. These. sources include, but are not limited
to, coal and other sclids preparation and transfer
operations, vent stacks for waste gas disposal, pipeline’
valves' and flanges, and.pump and compressor seals. The
magnitude of these air pollutants, however, should.not
be that large if the sources are properly controlled.

Based on 23654 TPD coal with 6 perceht‘ashy 1419 TPD ash
are produced. Since 1 TPD is released' £o the atmosphere

~ as particulate, 1418 TPD remains as solid waste for
-disposal. Based on 5100 GPM net makeup Hp0 (8311,3.20)

and. an' assumed 500 PPM suspended solids which is complete-
ly removed by lime treatment and clarification, an
additional 15.3 TPD of solid waste. is generated. From
(8304) an ammonia still is estimated to produce 115 TPD

" of still waste. The sum total solid waste produced is .

thus 1548 TPD or 3731 ton/l.0El2 Btu.
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8374

Land requirements are a

FTN 8374-8376

ssumed to be 350 acres from (9401,7)

for coal storage, preparation, and gasification plant
facilities, and an additional 165 acres for evaporation

ponds (8306) to handle

the following TDS streams - H30

softener and demineralizer blowdowns, boiler and
cooling tower blowdowns, and H,0 from ash quenching and

. transfer operations which might contain leachates.

Since High Btu Coal Gasification is assumed to be a
mine-mouth activity, all solid waste produced is re-

turned to the mine for

burial. There is, therefore,

no incremental land impact dvue to solid waste produc-
tion.  Thus a total of 515 acres is required for a

. 23654 TPD coal gasification operation. With a 90

percent operating factor this is equivalent to 3.78

-acre-yr/1.0E12 Btu.  However, a larger land impact

would be produced if solid wastes were not returned

to the mine for burial.
waste.) :

(See footnote 8373 for solid.

Water pollutants are zero because there is no aqueous
discharge from the boundaries.of the plant operation.

- All process waste water

and impounded runoff is treated

and used for cooling tower makeup, while all blowdown
streams are collected and sent to lined evaporative

ponds for disposal.

This process can be ope

rated with only a ligrite coal

input. Thus the following lignite coal (ROM) was
used in this analysis: o s

Btu/lb 7070
S-WT PC 0.6

Proximate Analysis - WT PC

Ash ' 7.2
.HZO ' 33.7
Vol. Mat. and

Fixed C.  59.1

For this coal 71000 ton of coal is equivalent to

1.0E12 Btu. From (8300)

25360 TPD coal is required for

the gasifier and 2937 TPD for plant fuel to produce
250E09 Btu/D SNG. The primary efficiency is thus .625.

- The ancillary energy is zero because the plant is

self-sustaining with all power and steam requirements .

generated on-site.
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FIN. 8377

' 8377 The pr1nc1pal quantlflable air . pollutant sources are.
‘ as foldows: _ .

“TPD

\ '~ Part. §s0o, CO HC NO Other
Fuels Combustion 1.32 10.0 .791 .237 15.2  .00395
. Sulfur Recovery Plant : 14.6 ’ . _
Storage and Misc. . 170

Fuels Combuﬁtioh

Based on the combustion ®f 1581 TPD bituminous coal
(2683 TPD lignite) as plant fuel and air emissions
factors from: (8301,1.1-3). Particulates- were reduced '
99.5 percent by the use of an electrostatic precipitator
and a Wellman Lord wet scrub while SO, emissions were-
reduced 95 percent by the Wellman Lorg unit. Also
included are the emissions from combustion of 254 TPD
of lignite to dry the-gasifier feed coal. Based on .535
ib NOx/l 0E06 Btu coal fired (1121). and .6 percent S
coal,”.961 TPD NO_ and 3.05 TPD SO, are emitted.
Partlculate emiss¥fons in compllancé with the New

Source Performace Standards for coal thermal dryers

" are -limited to .03 grain/DSCF (1121). Based on 24000
DSCF/ton dry coal input to the dryer (1121) and 16814
TPD dry coal.to the ‘dryet- and gasifier, .865 TPD
particulates are-emitted. Based, furthermore, on 2
percent of the S in the feed coal evolved as. SO, (8321,
20), an additional 6.09 TPD: SO2 is released from the
coal thermal dryer. ' ‘

Sulfur’ Recovery Plant

Based on the use.of the Hot Carbonate acid gas .
removal system for the nonselective removal of H_S and
from the synthe51s gas stream, a dilute- (5 percent)
H § gas stream is ‘sent to the Claus plant for
r%covery. From (8303,AI-25) a Claus plant operating
on-this dilute feed can recover 84 .percent of the
incoming S as elemental S. The incoming S for recovery
is based on 25360 TPD coal to the gasifier, .6 percent
S in the coal, and 3 percent of the. S as H,S§ to Claus
for recovery (3 percent of the S is in the“ash and 92

percent of the S is evolved as 802 from the:regenerator).
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8378

‘Based on 16814 TPD MF lignite to the gasifier; 1.19

FTN. 8378

Based;, furthermore, on 30 percent of the total S to
Claus as SOp (8303,A1-27) from the Wellman Lord
scrubbing units, 6.6 TPD S is the Claus feed. Thus 5.5
TPD S is recovered for sale or 13.8 ton S/1.0El2 Btu.
Since 5.5 TPD S passes to the Wellman Lord tailgas

'scrubbing unlt, .3 TPD 8 or .6 TPD 50; is emitted. The

bulk of the S in the ga51fler coal is released as SOy

in the regenerator (92 percent). Based on a Wellman

Lord unit to treat this stream (144 TPD S), 7 TPD S or

14 TPD SO, leaves with the regenerator offgases. The tot-
al recovered S0, for sale is 289.6 TPD 502 or 727 ton
S0,/1.0E12 Btu. , : .

Sto age and MlSC

percent N, in MF lignite (8321,20), and 70 percent of
the N; as NH3 (8303,X-7) 170 TPD NH3 are produced in

 the gasifier. Substantlally all of this NH3 is recovered

in a free and fixed ammonia still. From (8301,5.2-2)

- controlled storage and loading operations emit two lb
- of NH3/ton NH3. Thus .170 TPD NHj3 are released into the

atmosphere._

It should be noted that other sources of air pollution
will be persent in any commercial coal gasification
operation, although their guantification is not possible
at present. These sources include, but are not limited

" to, coal and other solids preparation and transfer

operations, vent stacks for wasté gas disposal, pipeline
valves and flanges, and pump and compressor seals. The
magnitude of these air pollutants, however, should not
be that large if the sources are properly controlled.

' Based on 28297 TPD coal with 7.2 percent ash, 2037 TPD

ash are produced. Since 1 TPD is released to the

»atmosphere as particulate, 2036 TPD remains as solid

waste for disposal. Based on 6580 GPM net makeup HyO
(8300) and an assumed 500 PPM suspended solids which is
completely removed by lime treatment and clarification,
an additional 19.8 TPD of solid waste is generated. From
(8304) an ammonia still is estimated to produce 115 TPD
of still waste. From (8321,20) it is estimated that 1260
TPD MgO-CaO will have to be discarded from the regener-
ation operation in this process. It is assumed that all
bio-treating sludges are used as boiler fuel. The sum
total solid waste produced is thus 3431 TPD or 8610 ton/

1. OElZ Btu.

'
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8379 .

8380

8381

8382

8383

8384

8385

8379-8385

i

Land requirements_are assumed to be 350 acres from (9401,7)

for coal storage, preparation, and gasification plant
facilities, and an additional 165 acres-for evapora-
tion ponds (8306) to handle the following TDS streams -
H,0 softener and demineralizer blowdowns, boiler and
cooling tower blowdowns, ‘and' H20 from ash quenching and-

transfer operation which mlght contain ‘leachates. Since
. High Btu Coal Gasification is assumed toc be' a mine-

mouth act1v1ty, all solid waste produced is ‘returned
to the mine for burial. There is,” therefore, no incre-

mental land impact due to solid-waste production. Thus

a total of 515 acres is required for a 28297 TPD coal
ga51f1catlon operation. With a 90 percent operating
factor this is equivalent to 3.16 acre-yr/1.0E12 Btu.

-However, a larger land impact would be produced if

solid wastes were not returned to the mine for bur1a1
(See footnote 8378 for solid: waste ) .

Water pollutants~are zero because there is no -‘aqueous -
discharge from the boundaries of the plant operation.
All process waste water and impounded runoff is treated
and used for cooling tower makeup, while all blowdown
streams are collected and sent to lined evaporative
ponds for disposal.

Primary efficiency and ancillary enérgy for ‘this
process are an arithmetic average of ‘those for the

»Hygas-Electrothermal Hygas—Steam Oxygen, Blgas, and

Synthane processes.

Air pollutants for this procéss are an arithmetic
average' of those for the Hygas-Electrothermal, Hygas-
Steam Oxygen, Blgas, and Synthane processes.

Solid waste production for this process is an arithmetic
average of those. for the Hygas-Eléctrothermal, Hygas-

- Steam Oxygen, Bigas,;and Synthane processes.

Land utilization by this process is an arithmetic -
average of those used by the Hygas-Electrothermal,
Hygas—-Steam Oxygen,‘Bigas, and~Synthane processes.

'~ Water pollutants for this process are an arithmetic

average of those for the Hygas=-Electrothermal, Hygas-
Steam Oxygen, Blgas, ~afid Synthane processes.
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- FTN. 8386-8387

Capital and operating costs Wwere developed as follows:
Capital Costs~1972 $-Plant Basis-19,700 TPD, 90 P LF

From (8300), escalated at 5 percent from 1971 §, costs

“for coal storage and preparation, feed system, gasification .
. and CO shift, gas purification, methanation, 02 manufacture,

steam and power plant, general utilities, and general
offsites total 165.2E06 §. Water pollution control costs
were estimated at 11.7E06 $ from (2013,VII-5), (8304),
and (8315). Sulfur recovery costs were estimated at 5.0
EO6 $ from (8300) and (8303,AI-25,AI-26). Capital '
cost was reduced by 20E06 § to reflect savings for a
noncaking low S western coal. To the subtotal were

added a 15 percent project contlngency and a .7 percent
development contingency to give a total plant investment
of 197.5E06 "$. Based on a FCR of 10 percent/yr and-
6.46E06 TPY coal, this is equxvalent to 1.74E05 §/
1.0E12 Btu.

‘Operating Costs—l972.$*P1aﬁt Basis-19,700 TPD, 90 P LF

From (8300) dlrectly, catalysts and chemicals,purchased

"raw H O, and process operating labor total $.0405/1.0E06

Btu g8s. Maintenance labor, supervision labor,
administration and general overhead, operating and
maintenance Supplies are from (8303, AI- 5). The total
gross operating cost is thus §. 1694/1.0E06 Btu gas or
13.12E06 $/yr for a 236.1E09 Btu/D SNG plant. By-
products are credited at $10/LTS (83 LTS/D) .and $25/T .

(98 TPD NH,) from (8303,AI-5). The total net
opgratlng cost”’is 12.04E06 $/yr or, for 6. 46E06 TPY
coal, 1. 06E05 $/l CEl12 Btu. .

Capital anﬁ-operating costs were,devéloped as follows:

‘Capital Costs-1972 $-Plant Basis-25,200 TPD, 90 P LF

From (8300), escalated at 5 percent from: 1971 $, costs
for coal storage and preparation, feed system,
gasification and CQ shift, gas purification,; methanation,
steam and power plant, general utilities, and general
offsites total 200.9E06 $. Water pollution control costs
were estimated at 11.7EQ06 $ from (2013,VII-5), (8304),
and (8315). Sulfur recovery costs were estimated at ‘
10E06 $ from {8300) and (8303,AI-25,AI-26). Capitail

' ‘cost was reduced by 20EQ6 $ to reflect savings for a

noncaking low S western cocal. To the subtotal were

" added a 15 percent project contingency and a 7 percent
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8388

8388

development contingency to give a total plant

" investment of 247.2E06 $. Based on 10 percent/yr FCR

and 8.28E06 TPY coal, thls becomes 1.70E05 $/1.0E12

Btu.

»

Operating Costs-1972 $~Plant Basis-25, 200 TPD, 90 P LF

From (8300) directly, other raw‘materlal, catalysts

and chemicals, purchased raw H20 and process operating
labor ‘total $.0438/1.0E06 Btu“gas. Maintenance labor,
superv151on labor, administration and general overhead,

'operatlng and maintenance supplies are from (8303,AI-5).

The total gross. operatlng cost is $.1966/1.0E06 Btu gas
for a 253.3E09 Btu/D SNG plant. By-products are credited
at $10/rTs (105 LTS/D), $25/T NH, (139 TPD NH3) , $.15/
gal B-T-X (48.4E03 GPD)and $.30/1.0E06 Btu tafs

(23.4E09 Btu/D) from (8303,AI-5). The total net operating
cost is $10.15E06/yr or, for 8 28E06 TPY coal, 7.00E04

'$/1. 0E12 Btu.

Capital and operéting costs were developed as follows: .
Capital Costs-1972 $-Plant Basis-23,900 TPD, 90 P LF

From (8300), escalated:at 5 percent from 1971 $, costs
for coal storage and preparation, feed system,
gasification and CO-shift, gas purification, methana-
tion, manufacture, steam and :power plant, general
utllltlés, and general offsites total 160E06 $. Water
pollution control costs were estimated at 11.7E06 $
‘from (2013,VII-5), (8304), and (8315). Sulfur recovery
costs were estimated at 9.2E06 $ from (8300) and
(8303,AI-25,A1-26). Capital cost was reduced by 20EQ6 §
to reflect savings for a noncaking low S western coal.
To the .subtotal were added a l5:percent project
contxngency and a 7 percent development contingency to
give a total plant investment of 196.3E06 $. Based on
10 percent/yr FCR and 7.84E06 TPY coal, this becomes
1.43E05 $/l 0El12 Btu.
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'$25/T NH

' FTN 8389

Operating Costs~1972 $-Plamt Basis=23,900 TPD) 90 P LF

From (8300) directly, other raw material, catalysts and
chemicals, purchased raw H,0, and process operating
labor total $.0432/1.0E06 -Btu gas. Maintenance labor,
supervision labor, administration and general overhead,
operating and maintenance supplies are from (8303,AI-5;.
The total gross operating cost is $.1728/1.0E06 Btu gas
for a 247.2E09 Btu/D SNG plant. By-products are credited
at $10/LTS (91 LTS/D),. $25/T NH., (123 TPD NH,),$.15/gal
B-T-X (45.6E03 GPD)and $.30/1.0B06 Btu tars {23E09 Btu/
D) from (8303,AI-5). The total net operating cost is
$8.19E06/yr or, for 7.84E06 TPY coal 5.96E04 $/1.0E12
Btu. .

Capital and'operating.costs were developed as follows:

Capital Costs-1972 §$-Plant Basis-22,600 TPD, 90 P LF

From (8300), escalated at 5 percent from 1971 $, costs
for coal 'storage and preparation, feed system,
ga51f1catlon and CO shift, gas purification, methanatlon,
compression, O manufacture, steam and power plant,
general utllltles, ‘and general offsites total 180.7E06
$. Water pollution control costs were estimated at '
11.7806 $ from (2013,VII-5), (8304), and (8315).

Sulfur recovery costs were estimated at 6E06 $ from
(8300) and (8303,AI-25,AI-26). Capital cost was reduced
by 20E06 $ to reflect savings for a noncaking low ’
S western coal. To the subtotal were added a 15 percent

-project conLingency and a 7 percent developement

contingency to give a total plant investment of
217.7E06' $. Based on 10 percent/yr FCR and 7.41E06 TPY

- . c¢coal, this becomes 1.68E05 $/1.0El12 Btu.

‘Operating Costs-1972 $-Plant Basis-22,600 TPD, 90 P LF

From (8300) directly, catalysts and chemicals, purchased
raw H, O, and process operating labor total $.066/1.0E06
Btu gds. Maintenance labor, supervision 1abor, adminis-
tration and general overhead, operating and maintenance
supplies are from (8303,AI-5). The total gross operatlng‘

‘cost is $.2152/1.0E06 Btu gas for a 231.8E09 Btu/D SNG

plant. By-products are credited at $10/LTs (100 LTS/D).,
(127 TPD NH,), $.15/gal B-T-X (25000 GPD),
and $.3071.0E06 Btu o (8.5E09 Btu/D) from (8303,

- AI-5). The total net operating cost is .$12.83E06/yr
~or, for 7.41E06 TPY coal, 9.88E04 $/l.0E12‘3tu.
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8390-8392°

Capital and -operating costs for this-process are an
arithmetic average of those for.the Hygas-Electrother-

| mal, Hygas- Steam Oxygen, Blgas, -and Synthane processes.

Capltal and operatlngvcosts‘we;e*developed ‘as follows:
Capital Costs-1972 $—Plant-Basis+23,700 TPD, 30 P LF

From (8319 exhibit K page 2) costs for process units,
utility units, offsite units, water. pipeline, catalysts
and lubricants, general plant, engineering fees and
licenses, contingency, and start up.total 321.4E06 S,
Based on 10 percent/yr FCR and 7. 77E06 TPY coal thlS
becomes 2.36E05 $/1.0El2 . Btu.

' Operating Costs-1972 $-Plant Basis-23,700 TPD, 90 P LF

From (8319 ,exhibit N,Schedule 3) the avérage -operating
and maintenance expeénses for the first.three years of
operation include costs. for operation supervision and
engineering, other power expenses, other .-process
production expenses, rerits, maintenance supervision
and engineering, maintenance of structures- and-
improvements, maintenance: of production equipment,
administrative and general-  (less ‘property insurance).
The total gross-operating cost is $22.32E06/yr. By-
products are credited at $10/LTS (98 LTS/D), $25/T NH
(112 TPD), $.15/gal B-T-X (63.6E03~GPD)andi$.30/l.0E0§
Btu tars (41.2E09 Btu/D) from-(8303,AI=5). The total
net operating cost is $13.88E06/yr or, for 7.77E06 TPY
coal, 1.02E05 $/1. 0E12 Btu

'Capital and operating costs were developed as follows:
Capital Costs=-1972 $-Plant Basis-28,300 TPD, 90 P LF
From (8300), escalated at 5 percent'frOmul97l $, costs

for coal storage and preparationy feed system; -
gasification and CO shift, gas purification, methanation,

_ compression, sulfur recovery, general utilities, and

general offsites total 135E06 $. Steam and power plant
costs are from (8300) with $200/KW- added- for on-site
generation of 2180 KW previously purchased. Water
pollution control costs were estimated at:11.7E06 § from
(2013,VII-5), (8304), and (831l5). To the subtotal were
added a 15 percent project contingency and a 7 percent
development -contingency to give a total. plant investment
of 193.3E06 $. Based -on 10 percent/yr FCR and 9.30E06
TPY- coal, this becomes 1.48E05 $/1.0E12: Btu.
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Operating Costs-1972 $-Plant Basis-28,300 TPD, 90 P LF

From (8300) directly, catalysts and chemicals,
purchased raw Hp0, and process operating labor total

. $.062/1.0E06 Btu gas. Maintenance labor, supervision:

labor, administration .and general overhead, operating
and maintenance supplles are from (8303,AI-5). The total
gross operating cost is $.1808/1.0E06 Btu gas for a
250E09 Btu/D SNG plant. By-products are credited at
$10/LTS (12 LTS/D), $4/LT SO, (649 LT SO,/D), and $25/T
NH3 (170 TPD) from (8303,AI-5). The total net operating
cost is $§12. 51E06/yr or, for 9.3E06 TPY coal, 9.55E04
$/1.0E12 Btu. .

Thermal discharges can be completely eliminated by the

‘use of mechanlcal draft wet cooling towers.

The Northern Appalachla coal used in this study has the
following comp051t10n on -a run-of-mine basis:

_Proximate Analysis - WT PC

Btu/lb - 12197 Ash - 15.1

S-WT PC 1.3 . Water 2.5
: o Vol.Mat. 30.9

Fixed C,‘ »51.5

For this coal 41,000 ton of coal'is equivalent to
1.0E12 Btu, .

From (8300) the total heat demand for a plant producing
253.3E09 Btu/D SNG is 113E09 Btu/D and the TPD coal to
the gasifier is 16754. This analysis is for an Eastern
Bituminous coal with 83.4 percent volatile matter and
fixed carbon and a heating value of 12400 Btu/lb.  Based
on footnote 8400 and the assumption that the gasifier
outputs are the same for equivalent TPD of volatile

and fixed carbon input to the gasifier (since these are
the reactive constituents in the coal), the Northern .
Appalachia analysis would require 16953 TPD coal to the:
gasifier. Based on the assumption that the total plant
heat demand is relatively constanht for the various.
bituminous coal inputs, 1197 TPD coal is required for
boiler fuel. Thus a total of 18150 TPD coal is required:
to produce 253.3E09 Btu/D_SNG for a primary efficiency
of .572. This size plant also produces 9.84E09 Btu/D of’
tars and 52.5E03 GPD of light 0ils-(8300).
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If.these fuels are considered, .then'the overall plant
efficiency becomes. .608. The .ancillary energy is zero
because the plant is self-sustaining with all power and

'steam requirements generated. on-site.

8402 = The principal . quantifiable air.pollutant'sourées are. as
. follows: : ' o
TPD
Part. SO, €O HC NO_ Other
Fuels Combustion . .6.20 9.30 -‘2.04 .564.40.0 - .00919
Sulfur Recovery Plant 1.00 : ‘

Storage and Misc. , .01 - .165

Fuels Combustion

Based ion air emission factors in (8301,1.1-3,1.4-2) and
the combustion of 2478 TPD of coal equivalent char (55

percent ash, 1 percent S), 1197 TPD coal (15 percent ash,

1.3 percent.S), and 24.3E09 Btu/D waste offgases
(containing .25 percent .of. the .total.S.in the coal to °
the gasifier). Particulates: were reduced 99.5 percent
by the use of. an. electrostatic-precipitator and-a
Wellman lord wet scrub,.while S0, emissions were
reduced 95 percent by thefWEllma%;Lordﬁunit.

'sulfur Recovery Plant

Based on the use of the. Rectisol .acid gas removal
system for the:.selective removal of H_,S .and CO, from
the synthesis‘gaS'stream,"a.concentraaed;(25.parcent)
H,S gas stream.can:be sent. to-the Claus plant for
récovery (8308,21), and.from (2022,103)this Claus unit

" can recover 94 percent of the incoming.S. The incoming

S for recovery is based on 16953 TPD:.coal to the
gasifier, 1.3 percent S in the.coal, .and 55.percent of
the S to the gasifier as H,S .to.Claus. for recovery (the
balance of the S is:in the“pretreatment offgases and the
char) from (8303,X-13,and 8303,27). Based, furthermore,
on 30 percent of total S to Claus as.SO, (8303,AI-27)
from the Wellman Lord scrubbing-units,7i734TPD S is the
Claus. feed. Thus 163 TPD S is recovered.along with an-
.additional (to that which .the Claus.can:accept) 93.6

TPD SO, for sale. These are equivalent to 368 ton S and
211 tbﬁ S0.,/1.0E12 Btu. Since .10 .TPD S.passes. to the '
Wellman Lo%d‘tailgas:scrubbing:unit, .5 TPD S or 1.0 TPD
S0, exits the stack. ‘ ‘
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' Sﬁorage and Misé.

From (8300) 5.25E04 GPD of light oils are produced.
Assuming 2 weeks storage capacity under new tank

conditions and emission factors from (8302,4.3-8), .001

TPD HC are emitted. Based on 16754 TPD coal to the

gasifier and 1.16 percent N, in the coal (8300) and 70
.percent of the N, in the feéd coal as NH, (8303,X-7),

165 TPD NH, is pgoduced in the gasifier. This value

was used,fgr this coal analysis. Substantially all of
this NH, is recovered in a free and fixed ammonia still.
From (8%01;5.2—2) dontrolled storage and loading opera-
tions emit 2 1lb of NH./ton NH,. Thus -165 TPD NH, are
released into the atmgsphEre. E '

It should be hoted thaf other sources‘of air pollution

will be present in any commerical coal gasification

.operation, although their gquantification is not

possible at present. These sources include, but are not
limited to, coal and other solids preparation and
transfer operations, vent stacks for waste ‘gas

disposal, pipeline valves and flanges, and pump and
compressor seals. The magnitude of these air pollutants,
however, should not be that large if the sources are
properly controlled. -

Based on 18150 TPD coal with 15.1 percent ash, 2741 TPD
ash are produced. Since 6.2 TPD is released to the
atmosphere as particulate, 2735 TPD remains as solid
waste for disposal. Based on 6500 GPM net makeup H,O
(8300) and an assumed 500 PPM suspended solids which is
completely removed by lime treatment.and clarification,
an additional 19.5 TPD of solid waste is generated. From
(8304) an ammonia still is estimated to produce 115 ton/
D of still waste. It is assumed that all bio-treating

-sludges are used as boiler fuel. The sum total solid

waste produced is thus 2869 TPD or 6480 ton/l1.0El2 Btu.

Land requirements are assumed to be 350 acres from- (9401,7)
for coal storage, preparation, and gasification plant
facilities. Since High Btu Coal Gasification is
assumed to be a mine-mouth activity, all solid waste
produced is returned to the mine for burial. There ]
is, therefore, no incremental land impact due to solid
waste production. Thus a total of 350 acres is re-
quired for a 18,150 TPD coal gasification operation.
With a 90 percent operating factor this is equivalent
to 2.41 acre-yr/1.0E12 Btu. However, a larger land
impact would be produced if solid wastes were not re-
turned to the mine for burial. (See footnote 8403 for

- s0lid waste.)
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From (8300) the’ total heat demand. for a plant producing
247.2E09 Btu/D of SNG is 73.4E09 ‘Btu/D-and the TPD
coal to the gasifier is 14957. This analysis'is for an
Eastern Bituminous coal with 83.4 percent. volatile

matter and fixed carbon and a heating value of 12400 Btu/

1b. Based on footnotée 8400 and the ‘assumption that the
gasifier outputs are the same for equivalent TPD of
volatile and fixed carbon input to' the gasifier (since
these are the reactive constituents in the coal), the.
Northern Appalachia analysis would:require- 15135 TPD
coal to the gasifier. Based on the assumption that the
total plant heat demand is relatively comstant for the

various bltumlnous .coal ‘inputs; 2124 TPD coal is requlred

for boiler fuel. Thus a total of 17259 TPD .coal is
required to produce 247.2E09 Btu/D SNG for a primary
efficiency of .587. This size plant also produces-8.84E
09 Btu/D: of tars and 46E83 GPD of light oils (8300). If
these fuels are considered; then* the overall plant -
efficiency becomes .620. The ancillary.energy is zero
because the plant is self-sustaining with all power and.
steam requirements . generated on-site.

follows.
TPD

Part. 80, CO HC  NO, . Other

Fuels Combustion 1.28  7.551.23 .329°25.3  .00531
Sulfur Recovery Plant - 1.00
Storage and Misc. . : - .001 .148:

Fuels Combustion

Based on air emissions factors in/(8301,1.1-3,1.4-2) and

‘the combustion of 2124 TPD coal (15 percent ash, 1.3

percent S) and 21.6E(09 Btu/D. waste.offgases (containing

.25 percent of the total S in the cdal to the'gasifier).

Particulates were reduced:99.5 percent .by the use of an
electrostatic. pre01p1tator and a Wellman Lord wet scrub,

. while S0, emissions were reduced: 95 percent’ by the

Wellman ford unit.
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FIN. 8406 (Cont)

Sulfur Recovery Plant

Based on the use oflthe-Rectisol acid gas removal system. -

for the selective removal of H3S and COy from the synth-

esis gas stream, a concentrated (25 percent) HyS5 gas
stream can be sent to the Claus plant for recovery
(8308,21), and from (2022,103) this Claus unit can
recover 94 percent of the incoming S.” The incoming S
for recovery is based on 15135 TPD coal to the gasifier,
1.3 percent S in the coal, and 55 percent of the S tc
the gasifier as H3S to Claus for recovery (the balance
of the S is in the pretreatment offgases and the' char)

from (8303,X-13, -and 8303,27). Based, furthermore, on

30 percent of total S to Claus as SO (8303,AI-27) from
the Wellman Lord scrubbing units, 155 TPD S is the Claus
feed. Thus 145 TPD § is recovered along with an addition-

~al (to that which the Claus can accept) 68.2 TPD SO, for
‘sale. These are equivalent to 345 ton S and 162 ton

S05/1.0E12 Btu. Since 9.3 TPD S passes to the Wellman
Lord tailgas scrubbing unit, .5 TPD S or 1.0 TPD SOy
exits the stack. . - '

‘Storage ‘and Misc.

From (8300) 4.63E04 GPD of light oils are produced.
Assuming 2 weeks storage capacity under new tank
conditions and emission factors from (8302,4.3-8),.001
TPD HC are emitted. Based on 14957 TPD coal to the

'gasifier and 1.16 percent N, in the coal (8300)_and 70

percent of the N5 in the feéd coal as NH3 (8303,X-7),
148 TPD NH3 is produced in the gasifier. This value

was used for this coal analysis. SUbstantially:all.Qf
this NH3 is recovered in.a free and fixed ammonia still.
From (8301,5.2-2) controlled storage and loading
operations emit two 1b of NH3/ton NH3. Thus .148 TPD NHj3
are released to the atmosphere. ' co

It should be noted that other sources of air pollution
will be present in any commercial coal gasification
operation, although their quantification is not possible

-at present. These sources include, but are not limited

to,’ coal and other solids preparation and transfer )
operations, vent stacks for waste gas disposal, pipeline
valves and flanges, and pump and compressor seals. The
magnitude of these air pollutants,-however, should not
be that large if the sources are properly controlled.
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Based on 17259 TPD coal with 15.1 percent.ash, 2606 TPD
ash are produced. Since 1.3 TPD:is released to the
atmosphere as particulate, 2605 TPD' remains. as solid
waste for/ disposal. Based on 4600 GPM net:makeup H5O
(8300) and an assumed 500 PPM suspended solids which is
completely removed by lime treatment and clarification,
an additional 13.8 TPD of solid waste is generated. From
(8304) an ammconia still is estimated to produce 115

ton/D of still waste. It is assumed that 'all bio- -treating
sludges are used as boiler fuel. The sum total solid
waste produced is thus 2733 TPD or 6492 ton/1.0El12 Btu.

Land requirements are assumed. to be 350 acres from (9401,7) fo

coal storage; preparation, and gasification plant
facilities. Since High Btu Co&l Gasifi&ation is
assumed to be a. mine-mouth act1V1ty, all solid waste
produced is. returned to the mine for burial.. There
is, therefore, no incremental land: impact due to solid

" waste production. Thus a total -of 350 acres is re~

quired for a 17,259 TPD coal gasification operation.
With a 90 percent operating factor this is equivalent
to 2.53 acre-yr/l1.0El12 Btu. However, a larger-land
impact would be produced if solid: wastes were not re-
turned to the mine for burial. (See footnote 8407 for
solid waste.) : ' -

From (8300) and (8309). the total heat demand for a plant
producing 231.8E09 Btu/D of SNG is 116.3E09 Btu/D"and
the  TPD coal to the gasifier is 14594. This analysis is
for an Eastern. Bituminous coal with 86.9 percent
volatile matter and fixed carbon.and a heating value

of 12400 Btu/lb. Based on footnote 8400 and the &s-
sumption that the gasifier outputs are the same for
equivalent TPD of volatile and fixed carbon input to
the gasifier (since these are the reactive constituents
in the coal), the Northern Appalachia .analysis would
require 15391 TPD coal to the gasifier. Based.on the
assumption that the total plant heat demand is
relatively constant for the various bituminous coal.
inputs, 2358 TPD coal is requlred for boiler fuel. Thus
a total of 17749 TPD coal is. required to produce 231.8E
09 Btu/D SNG 